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Col/AMITY. 
UNITED STATES OF AMERICA Docket Copy 

DEPARTMENT OF THE INTERIOR rDM -E 544 
DEFENSE MINERALS EXPLORATION ADMINISTRATION 

EXPLORATION PROJECT CONTRACT' 

IT IS ACRESD this 5th day of .,lutte , 106., between thé United States of America, acting 
through tha Department of,the Interior, Defense Minerals Exploration Administration, hereinafter called the Government 

d' ,. l' l: i,, i I -.J: I ';I " 

einafter called the "Operator, as follo.Ws --à 111 63$ ;ScSt td th :.a°tla - 
AnTICLE 1. Authority for cmelraot.=,Thrs agreément is entered into nnder the. authority of thé Defépsg;P 

60, as a.mended; púrsuán.t to ï)PYiEA Order i,itititleil "Gm:nutrient Aid in Defense Exploration Projé As," 
'-ARTIOL42:Opeatot'sprop. géspectto that certain land' -sitaatedrintbë State. üf. 

County o t , ., - - . descnbed as followal' t 2áé 4 
_ 
v &t Á.:8Ld 

... 

Ib} # 
. ! t2 

_. . 

'=s:,;:.isá.i3_ß 
f.e .Opirator;ropresènts and mid 

'.fiat the Operator is a lessee, in possession and entitled' to possession; and the Owner's Consort :.,: r is etta, i.. .. 
'Panto), shall 'devote the land. and all existing improvements, facilities. buildings, inställatio s, court.: e putpOses of the exploration project without' any allowance for the use, rental value, dopreeiation, depictroo or other cost of gaging, ovnting, or holding'possession thereof, , , 

- 
- ,_ 

- ARTICLE 8: Eaplorotion pnrojecI ---The Operator, withal _._- ..: ....... _ daysfroiwthe -date of this contract shall commeneo 
. rk ona project of exploration for 

.'or upon the described land; and shall. bring the project to completion 'within A pperiod:of ladt, #SÄ - . -:from the :..to 'eggs. his contract The work to be performed is more fully described in Exhibit A attached hereto, which with any maps drawings thereto attached, are made a part of this contract, The Government will oontrihute to the cost of this work as bore- - .. ter provided: - - 
- 

. 

., "ARxiòt>: d; Performance of the work. -(a) Operator's responsibility. The work shall be performed efficiently, expertly, in vórlpnànlika manner, in aecordanee with gaod.mining standards and -State regulations foehoalth and'safoty and for worliinena' mpensation encl.-employers' liability insurance, with suitable end. adequate equipmènt,msterials,,andlabór, to bring the project .: eomplotlón within the Limo fixed, To the oxtent specified in Exhibit "A," attached hereto the work maybe performed by lode- 
.: adopt contractor or contractors; and work not specified in Exhibit. "A" for performance by independent contractormay hover. -: ..eleSebo so performed Upon amendment of Exhibit "A;' as agreed to by the parties, to state the...work to be .so performed and i: eestimatod unit costs thereof; as: provided hereafter..- 

- 

(d) 'Iedeprident contraolo. Airyltidependent contract for the performance of 'work. shall be On a writ -price bàsis (such as c foot of 'drilling, per foot of. drifting{ erhour of bulldozer operations, per cello yard. of material' moved); or on sole. basis t. will indicate:the nmomrt due for Work performed at any stage of the work tote performed Under Mich independent contract 
i e..Gdvernment -shall not he nor be considered to be a- party to any such independent contract, and the lSoverntrienge right to .ornate the exploration projectcontraot under any of its provisions shall not in any°seanner be affected by reason Of any 
ph -independent çontraet:..Ifthe reference in- Exhibit "A' to any each independent contreet stotes that the Government's, ., ltrpvsl thereof Is ieqquuired, the Government may refuse to participate in the Post thereof unlees and until it hoe: given its 
..itto)o approval of the'índependerit eons,. °act. 

(o): Ogvérninent estay"doopeetThe Government -shall hare. the right to enter -and observe and, inspect. the ,'wools- et all .oanablo'times and the Operator shall provide the Government with all- available means for doingso; The Governme» t may ,,..cult with and- advise the Operator on all phases òf the work. 
- - Anrioic 6. Estitriated: costs-of 'Cho profeot. -A statement of -the estimated cost of the project is net forth in Exhibit "A," :.:.aeheit hereto,. Except insofar as any item of requirement or the estimated cost thereof set forth in Exhibit. "A" is there or ,.¢where designated: as: an "allowable maximum," such items of requirement and 'of related coat are e stimates eelq . redsoay he deeeded..to the extent -that the Govarnmont 'nay from time to time approve for the most. eceinomìo and beneficiel-perfortnanee a: 'the work within the imitatiom of the total aggregate estimate' of costs. The Governmeot!s.approval of - any such excess 

o r. the ootimatë for an stein of requirement or related cost will be signified by its .approval and payiWent of..any,.ovotre or - 
k alma for- payment which .expressly calls - attention to anal excess. -ltoms.expresslydesignated in Exhibit A" or- elsewhere as . loveable masimuin'1 and the- total aggregate estimated cost are limitations, and any 'excess . therein will be for the sole account 

- the Operator }n Wlneh tho Government will not participate.. . . 

'Aasieuto'6., Allowable costs .of tito yes/eel. -(a) The costs .6f the- project in Whiéh.the Govermment will partietpete.ar:. ., i.. ing:.. - 

1. IndOpotydont coätbrcots.- '- Paymétits to . itidepetident cdutraetot$`grjder iedepend'ePt contrc is listed in- EsLib4t A 
btsmattaedd eost.of any world to be performed under an -b deperdent.eoptreet is oï shell be meipded in the estimate, o 

s es Exl tbst A "iñ terms of the, retìrnated:rumbota Of units of work tC be pperfeetned the estimated ameeotìto ho psi i .it, 'and the estimated total ameelit to be pad to the üidop1edent,edhtreetor and' cuoh estimates shall, bó allowabl 
, ums Above whieh'the Government Will not.;conttibute; : Regardless ó£tha provisiops of any, sue), independent Pont:ram roernment Will participate iii- the page leets to the indejtdofent contractor only Ois account'AP work actueliy.p¢rformë: at conforms with - the provisions of the exploration peejpptconthet; and o))lly td the extent'thatthe Govur}ümn ad-on : tt. prices tör the Work nnder'the shdepdndent eon tract to be reasonable anq neàessary hic süoh tndepcddent eontrac 

:.'eve- the effect of increasing -tile esttimated totacost. of. the exploration project: contreetosor, the maxitntitn *min, thé Goverttinéet wrllpsy, as provided in the exploy'atfon projeëtèentrect, , -_ 
- .Labor, supèr4fsfec eonsìlltattls -Labor, supetviolon.eed to 1 nie l scrrie s?(in tudtng- en'glneering and -geologi' N taot y, a btheddte -óf whleh Ie-vltoluded lrithe estt' ateät codas- aetdttth m ALlilbtt A ' t'be "requirements -and resat i stad costs for supervision and technical services are a m llowable tnaxunus 

) Opc sotfoy,r sa cerìßls 'and.stcyplics.- Recesscoy materials artd3uppltestncluiiing items df aqutpmeet ebstipg less that 
eàeh; and power, water, and fuel; a schedd)e of wbieh it- included. Iss,tha çsttmatl:of costo-le hih bit A." - 
} Opes'clfsg èmtipmeoL -Any Operating eirylpmentto- barentodor, g' prehase dor (ahtchisóivnedandWitbéfmnishe' 
Op lAtn with the a tlmated- r eat i peschase p),ice or :the allowable depreeiatioh as She ose may b 'a sell .,te ., 

rs moluded T.1. A "" Any It Itstpd aed,gnd t, be ,u':, S e etor, and r 1 tee in ,ml ällovs 
gppreoictimt are le .maximutn. - -. " 

tut s6p 'i 1.-A n éha tins bnildings installations fir áed ovNhle o eau pment now -owned 'pit tl Pruposeo oaf the,eaide .:.eontyaet schedule n led t t ho. yd t Piro _ 

rmax.,mttm 

jds, (v. 'it h tail d, ce iooprePemenfc ;h4tgilatiens ç sary buildingwjtìxed-tmpxmated cis, 'at'', rastailâfc 
chtsa 1 'hstalled entcon trneted for rho pulpósesioff the exii Qratioe wo>;it with the ;e'stimated cost of each, a febedu 

tneilided it ttabagreato ot. costs in Exhibit A Alt 0 ,110. 4014 arse a)rowab} maxunums .- 

(f +THSCel aneoto,- Ttepaìra to: and rnamteliance of. ojlel'iting equipment (nntinchildmg loitiel;iehabihtatzoo erscpaìi 
iot,thc Operator c equipment), analytical 
:'huyinll. taxes. 

work,ac c enn.. t.m...g, worlme '.:: ensbo : i ployons:- 'lability insurance an. ' 
. 

(l) Çn Bite.- Suchother necessary, reaonable- dire @t cos .twin r porationáovk wthin. the lint 
:óf tlto:.totel.aggtegete:gstmato df costs, whether or net included schedu ,: is m':Tshlbiè A," as. may'-b., 

app± t'ed l,y the: Government iii the course of the wank, es indicated , re el d , 1...y. :ent of invoices' end yeuch Cs, 

giftldce fillet p vlddf rAlank toit'IS 
t Mo diet P d a tOe of ors lied If 

- - 

olOetiptl Y t,6 gk l tifeym the p 
ó 

1 'uoY , e Cpaer . ,: : ," 
oases% from.tisieti Is not to 6 salt et W . ,,, yelQ. _ 

kopáttlebp. :vnlonaot sues. 1S. . . 



(b) The Government's paymen , all cases .11 be based on actual neresss cogs (hu ng contract unit prices)) 
. incurred not in excess of any "allows_._ maximum" and not in excess of the fixed p rce...age of the beg aggregate estimated cost, 
Costs will be considered to bit incurred only as they are or become due and payable. 

(e) No items of general overhead, corporate management, interest, taxes (other than payroll and sales taxes) or any other 
indirect costs, or work performed or costs incurred before the date of this contract, shall be allowed as costs of the project in 
which the Government will participate. 

ARTICLE 1. Reports, accounts, audits. -(a) Progress reports. The Operators shall provide the Government with monthly 
reports of work performed änd costs (including contract unit prices) incurred -under the contract, in quintuplicate (five copies), 
upon farms provided by the Government. These progress reports shall be certified by the Operator, and shall constitute both the 

' Operator's invoice of costs incurred an the. project during the period covered' by the report and his voucher for repayment by 
-.the Government, unless the Government requires the use of a standard vonbher form with invoice attached. Progress reports 
shall include surface and /or underground engineering -geological maps or sketches showing the progress of the exploration, with 
assay reports on samples taken concurrently with the advance in mineralized ground. 

(b) Pinar roport.-Upon completion of the exploration work or termination of the contract the Operator shall provide the 
Government with an adequate geological and engineering 'report, in gpintupiicate (five copies), including an estimate of are 
reservea resulting franc the exploration work 

(a) Compliance with requirements. -Íf, in the opinion of the Goveinenent any of the Operator's reports are insufficient 
. or incomplete, the Government may procure the making or completion of such. reports and attachments ,as an expense of the - 

exploration work; and the Government may withhold Approval and payment *of any vouchers depending üpon insufficient or 
incomplete reports. - 

(d) Accounts and audits. -The Operator shall keep suitable records Ant oreounts of operations, which the Government may,. 
pact and audit at any time, The Government may at any time require an -audit of the .Operator's accords 'and accounts üa! 

A certifiedpublic accountant, the cost thereof to' be treated.as a cost of'the project The: Operator shall keep:and ppreserve st 
records and' accountu for at least 8 yearn after the eomplotion of the ,project as the termination- of this contract. Upon the n 

'.letian of the project or termination of the contract, the Operator shell render a final account'as proviäeed la:'Article 12.. 

' ARTICLE 8. Payments by the Gaeooadnóñt, -(4)" The Governmentwillpay - : 

sv 
- - perota:aleg ailowa 

oats incurred as they accrue, in an aggregate total amount not in éucess of $ s t ao which is ' r-, - p 

ant of $..3.n e.st. the agreed estimated total neat, óf the proiech rn which the Government will participa ; 

aided, that until the Operator's final report and final Accounting. Babe been rehdered,to the Governs .n and pity final audioµ. 
g repaired by the Government bas beg made end à fihál settlement Of the'.rentrant hes :b "een made, the. Government may 
thhold from the: last voucher or v u hernsneh sums as it.seen fit not in excess of ten (10) percent of the maximmn'tntaI which 

he Government "might have been called upon to pay under the, tiros. bf the contract, " . 

(bi The Government may make any payenent orpayments directte .independent.cantractòee Arid to suppliais, for the account 
%f the 'Operator,rather than.to the Operacg- ' - > -': ,. . - 

ARTICLE 0; Repayment by Operator. -(a) If, at any time, thn Goveriünent considers that adisdevery.or a development from- 
hick production may be made has resulted from the explorat on:work the Government at any, time not later than 8months after 

Ire Operator: hoe rend area :the required - Ictal "report cadr:final eëequni,sn y so: certify rn writtn to the 0lrorator ` 'The oertiflca- 
"on shall describe broadly pr.indicate the catare of the discovery n+dnvelopment.. In the event Of such cériificetion,aebt minerals 

iund or produced from the land deseribed'la Article 2 withìnl0 years frrom the date of -this; coatract,'including. an mined or. ' 
.reduced before'the certification, shall be subject to a.percentage. royalty which the" Operátor.br his -successor in .interest shall - 

. ay to the Government, Upon the net smelter returns, the net.roncentrator. retorns,.or-atinen net amounts realized from the psi.. 
r'ether disposition of any sags production In whatever,fnrnt disposed' bf, including ere eoneentrates or metal until the.ta:' 

..mount con Ibu by; the gg melt ;r lme3 in er eat;. .1,5. fu11y }ega(d r sa I yagá.ha eriga sod w caever ca_3re :.;. 
s follows - .A,Ap 0F3. liáPnúZi £3 räRGSÚ sdd ñr` -. - f9Li>t S.tì; 

. (1) One pod one.hdlf (13d) percent. of any such, net amonnta"not in execs of eight dollars ($8 :08)`'pi ten. 
)2).`One'nod one-half (1>A percent Of coy.auch net ampun(a :plea ong -Half ('b)) eréent of suc)i riet amounts for nadir 

tronal full fifty gate ($0.50) by thigh such net amounts goad. eight fallars($t.02) per ton but not it, ezdess of five (R- 
.. r ant' of:sneh- nit améunts. 

:(For Instance: The pereentage.royalty on a net argent of five. dollars ($5.00)" per tan'wouidbeonemid'one-half (1,h) 
eat; on abet' amount of ten dollars ($10.00): per: ton Three and-one-half .(8.%) percent) ' 

. (b As. here used, "net' smelter returns," "net concentrator returns,' and other net amounts real zed from the sale or other .. 

'is rositio ," mean gross revenue from sales; or if not sold the market value' of the materiel after it le reined in the form i 
'vhibh and the place where it is held.' In the' case of integrated operations in -which the material' ie ugh dl pesad of as such, 
'rese -terms mean what is or would he'grorn income from mining operations" for percentage depletion. purposes in income -tax 
'éfenninátion, - - 

. (á) To secure the payment of its percentaga royalty, the Government shall have and is hereby - granted a -lien upon the la.'' 
:'eseribed in Article 2 and upon any production of minerals therefrom, until the royalty claim is extinguished by lapse of time 
is fully Paid.. - 

' '(d) This Article is not to be construed as imposing any obligation en the.Operator or the:Operator's successor. in inter..: 
engage in any mining or production operations, 

' ARTICLE 10, .assignment, trarasjm, or toss of Operator's` intorost.- Without the written consent of the Government thé 
Operator shall not assign or.otherwise transfer or hypothecate this contract or any rights thereunder:- The Operator shall not ' 

make any voluntary nor permit any involuntary transfer or conveyance of the.Operator's nightsin the land' described in Article 2 - 

.without making suitable provision for the preservation of the Government's right to a'percentage royalty en pro'duotion and' 
.ion for the' payment.t1sereof; Provided, that mere failure by the Operator to' maintain the-Operator`s rights in the land, without 
,.ny'aoesideration' conning to the Operator other than relief from the cost of maintaining such rights (ea.by surr;eieder of a 
: toehold,. failure :to perform assessment work, or failure to exercise an option), Coupled With - compute' abandonmentby the 

perátor'of all interest. io or operations on the land'far a- period of 10 years from tike dateof this ;entrant, shall net:constitute 
etcho transfer erconvgyance.._ Should tie Operator make or permit aieytfansfer or conveyance in violation, of tiffs provlelod, 

ho'Ophyátnr shell'bo and remain.liable for payment to the Governm m m ent of the same aounts, at the sae tiines,'as .would leave 
' cog paid under the terms of the percentage royalty ba production. If fer'any reason Ise net smelter tetones,,net concentrator'' 
atcñns, or other net amounts realized from the sale or other disposition bf such.produnHon.axe sootevailábleas e means of meas- 
.ring the amount of the "Operator's liability, the amount thereof shall be estimated as well as may be, find in the event of dispute -- 

., to rich estimates, the determination thereof by the Administrator of Defense Minerals Exploration Administration or by his 
anon ear shall be final and binding upon the Operator. 

ARTICLE 11. Ms to need disposition of property. -Ail facilities, buildings, fixtures, equipment, nr other items costing. more 
.hat $50.00 each, paid for or purchased with funds contributed jointly by the Operator and the Government,` although 'title may - 

' é taken in the name of the Operate; Mall belong to the Operator and the Government jointly, in proportion' to their reapective 
ontiibutions, and upon the completion of the work or the termination of the centrantshallbe disposed of promptly by the Opera -: 
.or for the joint account of the Government and the Operator, either by return to the vendor, by sale to others, or purclraseby the 
;Merger at a price at least es high so could otherwise be obtained, as may appear to be for the best interest of the Government, - 

nless the Government, in writing, waives its interest in any such item. If necessary to accomplish' auele disposition, :the Opera 
1'shall'dismantle, sever from the land, and remove any such item, the east thereof to be for the joint account of" the parties in 
roportiento their respective interests. If the Operator, within 00 days after the'receipt :of Wri(tan notièe ffem'the :Governmen 
olio;.neglects, or refuses to dispose of such property, the Government may itself 'enter upon' the land, take penan ian'nf, a:.. 
emove.aced dispose of any such property as above provided, - ' 

Accenna 12, Termination and completion. -The Government may, at any "time, by written notice to the Operator termin . 
ihis eontreet: (a) If the Operator fails to provide his share of the money necessary to prosecúte.operations pursuant to the tars s 
..f the nontrset; (b) 

ott 
b) if tier Openatoi - in "the'opinion of the Government, fails to prosecute operations pursuant'to the terms of 
if 

. 

óntract; or (o) f in the opinion the Government, operations up to the tfrlie Of the notice have not indi ated" the pr ebabiiity 
eking any worth while discovery and in the opinion. of the Government further operations Are not justified.: Upon the grim.: 

ion of the projector any termination of the contract the Operator shall dispose bf any remaining materials ¡supplies; faòihte 
.uildingsrfixtures, and equipment in which the Goyersnment has an. interest, for the joint account of the Operator and the . 

reuexaht in the proportion of their respective interests; shall render to the; Government a full and'finai aecdunting of his operati I 

e contract and his expenditures of money; and shall pay to the t' :, ment i ' :ta share of any 

.lute 18, Changes and added prooeisiots, - .. 

' ; útd i'.: ":icate ; . znil yeai1first àhovetvritten. .:. 

t 
y-..'r- ' 

hr's curl .apt cm behalf of the Operator; was then 
hat -said' contract was duly signed' "for and" in behalf of said corporation by authority óf its gob árnin ' , . : : : : :.e 
cope of'ita corporate powers. 

sécr8t-;"' 
. v 
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AA. 

!fle fC ti.....i prc , ®..c, v are. v .1i6,11.6.1: - all of paragraph --(a) 
of,Art_-..l i _ -ree c o Lc" 

if t any time_ the`_ Góvermnen t 'beitsiderS that a discovery or 
development fróm, which production may be made has resulted from 
the , exploration the_,Govexnment, at any time not later than 
si_xmonths after the ß_perato_r hai,'rendered the :final report and 
final acconíl.t_ requir.e-d. ..bey the exploration project contract, mÑ 
so' certitÿ in writing._tóthe, Operator Such' certificat ion -shall 
descr9_be broadly..-..or indicate ,the nature of the discovery or develop - 
ment. The Operator, or 'his iauccessor in interest, shall pay to the 
Government .a .royalty on a1l.minerals mined or produced from the land 
which is- the subject of the.explbrátion, project contract, as follows= 
(1) an certl- f,ication of discovery or developmentb from 
the..da.tes of the contract until the lapse of the time within which the 
Government .may: make such certification _of discovery or development, 
or until the total_net amount contributed by the Government, withöut 
interest, is. fully_repaid, _whichever occurs- first, unless the Govern- 
ment waives its.right.to a royaltyy or r -(2) if the Government makes a 
certification Of ,discovery ,ox development, for' a period,of ten years 
(or other period,fi.xed by the contract) frem the date' of the contract., 
or until the; total not ,amount , contributed by the Government, without 
interest_, in fu11y'repaid, whichever occurs first. Said royalty, 

- 
sÀ a11_be. a percentagé of, the net smelter -returns, the. net concentrator 
returns,_ or other net -amounts realized from the sale or 'oth'er dispo- 
sition of.any such, production, in whatever form disposed. of includirar 
ore, .concentrates,. or metal, as fol:iowss - 
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MF -203 OWNER'S CONSENT TO LIEN 

WHEREAS, the undersigned, as owner, co- owner, lessor; or seller has an interest in certain 

property in the State of i}_ E4.8, , Count y of s. ái Ji described= 

:1/ 

02144, }7iß ii ,X? E ;s4nt4,r:ç .t.,' j. Chi é et S1. i + r, X f;44 moi. "t t ' +f-+ GYP °r'1r ;7 'ñ 'n; c 40 

YP.4 G> -`'t -tYPP$ 70.Avlyosti . r "pf, S'_c`-'.x? ('j F`r i ê''r''.ryt 
- 

whioh is. thé S'.1bj:eet'ef a proposed - plòratzon project-contract,. hereinafter called __ - _ontract", 

between theUpited States _ .._c.__-, hereinafter called-the Government ,._. 

i .PYri',rti,faw+ 

hèréinafter called the °- era;or"; and 

said contract- which ars forth on the reverse 

_d e. hereof, _,_- ..__.__ is cntitled to a percerta,Te royalty tn o °E °._on _.__ tc .,c__a_. _-e- 
_tiehts andequities mh_ch d_ _ -. _c he ., ad._ r _ -_s unee_s... sued 
°c- said property;? 

,N CT . E E CR the u......_ , in _caideration of said cc_ a d as an inducement 
' to the G en . ..c,le_ _k.._s and :agrees as follows: 

1.: e ._a..'s equity in and right to dismantle, sever, t_.._ possession of, en_ 
_c_.._ acd di =?.._ c= facilities, __`__dings; fixtures, -- equipment, or othe_ it eus as _ __° in t the centra.,, 07 __, ' ___ du_ - -,o__c f, , shall prevail and be prac, and ru_ 

fl=eeing or adverse riehts Cr the Lnderolancd, and the __ ernment is __ ...,____d to anter =on the 
_and for such PurPcSe5. - 

2. To secure -e _..t tt ..... __':ernment of the percentage royalty oc _ -1_ ___,_ 
provided for fnde, te: torns of said expleratnan .projeot contract, or any ameim3.72ent .__t,_.,_ ..__. 

__ s not increase the __r_____ _ Y_..t- of '.e Government's claim here stated or -i_- 
cr repaymént, the is .e Government a.lienupón the lei: 

u_r_cn any práJotao_ of .._c...: i_ ..:_efrou, until the -ä .. -. _s fu1=. _ .- ____, °_ 
the Gove. _uer s__--- a=i _,, _. _ _.. ..cess of 4/$ -y-- 
years ha-e elapsed fro the date cf _t °.rtract. 

3. The undersigned ____- ° no act nor assert any cláim.that uay cont-a e __o. 
_ 

- °ee -lren, c_..i-, or __ .,_ the -Governmentunder -the provi -_-.. of. .___.. -- ___ 

- ` -=r_rs; executors, administrators, _ -_ _ anJ 

.,." the un-de-r ,a=v. 

, 1963 

- - - --ta-.. rt-x wì a., ,-a..a;,[Seái 

[Séal]. °%}.,:-.h.7,'3íi9r':, .. 

Either ;G '. __:.d," ör (by strike out the vocds __"- 
a lease ,br contract, cleed, _her documenti .dated. 

recorded __, -- -cas"e cf'= - reperds of said county.' --_ 

the and pge of.recerdatior. _ -r,_-_ , Ite.dispeceed v _ _'o. 2_ tho space , - o 

é_ i use an-Annem,,and refer to ---_S . the spa-:. 
21 insert °>-e nee's pf the CCerhtcr it In tha explarottpc 

-:-Tofo_- _c,_...._-. 
3/'., Or ¡pTcduotdon fro-the ëa.d is _.__. and __. -._ _ _ ..° i 

no'obligaticn to - t: - _ t 

'-?n :r.- 
- 

idL=V q0V -o_ ._ _ .,: ------- -. 

ir 511 f7 



RELEVANT OONTRACT.PROVISIONS 

BenaymenLbv,Onerator. (a) If; at any:time, the Governmeht 6c:nsiders that:a discoVory 
or a development from which production may be Lade as resulted from the exploration work, the 
RovernMeat, at any time not later than six months after the Operator has rendered the required 
final report and final acceunt, may so oertify in writing to the Operator, The certificatien shall 
describe broadly or indioate the nature of the diadoVery or olevelepment, In ths event of suoh 
certification any minerals mined or produced from the land described in Article 2 tithin 13 years 
from the date of this contract, including any or pcoduoed before certiffostiot, all 

te aobject te a percentage royalty whiohthe Openetnr or his Sacoessor. pay to 

thc Goyacntett, upon the net smelter 'retarasth, ret,noncentnater-retUrns. or othen net amounts 
resumed fret the sale or othnn dislennitian of any s._1.:121 

incauding ore, the bted hp tte 2c-acnt=". th 
cut interest, is fully repuit1, u_ 1:5 years hay; whichavnn fyleys _ . 

Cne aud ate-half (1.1 pen nent of ,any stch "a:t. dcfasns 
(38.00: per ton, 

(2) One and coo-half '1,4,-, per pent CO an net sous, olds .ote-half ;-1-4-,-_,nr neat 
soh tet atountn Our eann f-11 tu,,- _t: -not; n,:aesd 

doi:ai-E.00, pc; tot fa excess Cf 'ff,c (a: 

. _ 

(Foi icett-_-: pnrcnntts,n rencliy nt t tnt n5.22, per ---, 

be one atd one-h'alf pnn netr; nt ner atcint=of teo 

and one-half Ter c;at,) 

'no-I-smelter returns-, 'dot nence'taa;nr .1-6-turas', and -other net 
atoents real:_xed froa the sale or ,other dlepoition. e.E.:: 3, i noz 

sS zarket .atinn, the aantet 'mate of the .autecial aetPr i' is t'e font' it hicr. 

and the -Glace rhene it is held. In ,the oase -of integrated operatints it ,_-hioh thn tat-dried is nnt 

di,=ipose'd cf ac, stch, thsse terms 'Illean..what.:AP.or Would, ione for 
pu.,,,,,us in income tax determination. 

. 

. - 

'35 73 secure the nayment of its percentage is 

sereoy g-t-,ec o lies upon the land deScribed 'in .,1_,._.1o1u 2 an: anco pccdttli___ cf t'--rals 
therefron., until the royalty olait is extinguished by lacee *f folly paid. 

ä=,® article is not to be construed as .1..oeng chl"nnt'O, t'e Cnenator or 
the Operator's ---o- - - r in interest to engage in 

Title to and dIsposition of_property. ntilcfage, fixttnes, equipten1, 
or other ftens costing core than 4550.00 each, 'paid for co posroha_secf qitt fuuds cnttaibuted icittLv 
by the Operaton and the Government, although title may n: tanen fa the Late of- the Operetnc, sha11 
belongt; thu 0,-.Lt-_ end the 'Gevernment jeiutly, in pronfrtnct to-_aetr coa-r4u'ists, 
-and upon ticn cf the-werk'br the -64rminatict of th. sra-:-. be C a-,nptlY 
bY the C.Pet''',:e= fa? the jai* 'aoeennt of the Governtett _Lu -ItLer .roinrn t* the 
edca, by tz cthers, or purchase by the Operator at P-"A Pi '="s'.as as Goul'fi Dther- 

eise he obtained, asMaylippear to be for the-beat intecest of the GoveoC,ea°, ',,iPss the OnYenn- 
teat, in y-ttiting, waiyesits interest in any such'itet. 7= necessary to a-C.C-:" dies,- 
siticn, the Operator shall dismantle,- sever from the lend, e_td 17S-7,7,:e why s_11.711 7.11= coot 

rs -o-- the Soint account of the parties in cropo,,for. 10 :_ne1_ 

the Cpennton, 1-fthin 90 days after the receipt of inittet nation frot .the Government, fails, 
-mg eats or refuses to, dispose of such property, the ga7smment tay itself eaten _con the land, 
taks-possession of; and remove and dispose of any such pno:erty as above -Crovided. 

C. 
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DIASLO injOK311,VR INE 

fATTVE REPORT FOR 3 E01141Y85 1953, 

During September 1953, the headframe was colipleted and 
a. .snlé11 bin was Imilt in front of -Ti On top of the bin a hingea 
chute was -built to swiag over tbe shaft for dumping the sinking 
bchot, Track for a mine car Was laid :f.rom tho bin to the duA:0, 

The hoist was set on e substantial concrete foundatidn 
ama WaG placed ir. operation. 

The pover line, w]..0.1) formerely passed over the shaft 
site, was mov6d to a new location and. the necessary connections 
for the hoist were made. 

The safety crossboari Wan installed on Sept. '.3rd and on 
the 26th the actual work of sinking was started, At the eaa of. the 
month the shaft W2.8 29 feet 5ow.11 from tho collar, The boisthous6 
Was being ei:ecte1 at the end of the month, 

Costss 

The completion of the headfra e. cost as follows: 

:Labor on heaifraipe V84.15 
60.20 Luber 

Iron (rods, bolts, angle irons etc) 251.35 
Rent of crane to raise headframe 32.50 

Total -1373,29 

Note Of thi otal, :¡;1290.77 has been enterod on Forms 
DP-104 and N1-104r1, as this brings tbe amount spent for °Kew 91.dgs,, 
etc', to the full allowable total of 2000.0(5. 

follOws: 
The installation. or tbe hoist cost (in part) as 

Concrete for Uoist foundation 
Reinforcinniron. 
LuIrbor for concrete form 

11.1ing gas 

Total 

Note Of this total, ',80.E.32 has been entered, on Forms MF-104 
and W-104A, ac tube brings the aount spsnt to the full allavilbIo 
total of 2250,00 



Fhjlir,:;1, kji 
Plara;.;2.4142, 

J. ¡Ware, s 604rikit0 l'VO-116- NAPA 
' 

ot1.01:0-0940.p. hAti. 4.04.014414 

00444,''A 

cioto.;-)4'et 1-46. aettit44 

fattatatil .",440 :.0.X0R4 

ig$11*Ait. 

4,atior ts-Ltvffe u, tot>,4w#14tAiti 

4.0 i0-0.044444-t. 

.10.-44,N,, it'*-004 .141.'04 

tt ft,fiio, 

*04,404.00A4 thtt 00;ft v40. '# .U40,A 440-****0:. 

rk,o,UW0,0y:*.0414.4*.40 *fr4.4.0.4.0*: 40.04 ' Oxit04400 

v.r&vo koi, ooftitto.:44. att. 414.0.4* 4,046h. .**top tho 

propo.Aly 11404,44.1mit by..040 Vtgiflow intevini p*Ot 6f..4130401,. AV:ML' 

,010* m1.4#54401040114441.0..t.04'.44:04ko0.-., 

by the opoktiior. 

tIODOratiD 

RECoMMPUM VOMP 

Tit ei.f oper4o-Pnal ii trokArat4X RA0014 oPerA 



4A, tko OtIga 
. . 

64.040040-ti*.t.th t& Au* AW,46:*..4:11-10 

*0051.4000U -0 6 (43104. or 

Cf.0) :1Ø 3y 

. . . 

. . . .. . 

- '',N.,..,,,,, . W;V::-Siitb.Y., .-ei.k,* : ''' . ". ,- '--1 .,./1. v 
4,.-1,T- 14';;f.4,..--A...' -,-,,v4.A.P...i,14'1,g1-3:3- .... 

, 

thirtt4011 VO*40, 0144 

):6 coot 

:.4100Mt4:0400 -V,* the. .0g". 1.*:4 4oftwoo.4.404, 

:6.0,i.446-1:4 Vrne,'',44dPlv 4:03 Oat IN),a 

t 1,0:i,"41',4or4 916 1op:44m inditrated hr t6e 6C,Atr4QC; 

tatit3ft.-01V-40W3,' lig4z>1 mot-jv mo bang Utatattal, 

A .e.,4roi 0.E.W. 

. . . 

..::-:0,44.01-4,4d A:AAA' 41:11.0.,-00,:i4- 

hiAat cabito, rOx' htm4 

Oig0:00'i.f0.40:040;04.bt 

,44. tioad 1101iy,4-446' glairm 44t 

04;i4t-'00:';10.0i,.--VOUki.4i014.4 41:04t-*0 0-144,18.10404:. 

coxwr. 
...- . . 

011 Vit.t2;Vi3ItS$ 

A 614/1:ed, orowi 

opo!=,q-MoV ete. fikiv.:131o0 1t &M 

ao:r140#0.0v0:41v044.4.4t. who v$40 Ointa.tor 

pr'*(0*:11. 41VOw oOniitt@ totvo: wQrliAlre* wad tattutia:v. 

64.3y t414:v.;*.:74.54to.:0-.4tosi two %her tilmit men., At litelepoimi...qt, 

e="04.64t4 *40...hot 

z, 



 til-....*e:d,,,Wft..611.-*64....-,:.1,-,..Y.A41.4440t...4'.11t.0 .4.0.4.itttaf 4.0.144 Ulii..sttag 

tA4 4.9.0;-61 th4 tiotitov o 04.4 TO-9 

ftatiting.1, ',b1'..4.Iflei*er with. P4o0p .pU 

*a3g ';t 411 r 

atl.;te Va4P: wao h4,491-RI th* 

40.0.1-.1t0 

Tht, ;Mt, Ma) tAktWg vappltod ie.40:41d 4nOtitg 

u404, haw/. tOOIP g*isiWAi s01,4-0 

d401 bl:A.0,Ag- of tl'a;* hat-iidgi4.1a0,V44.0 0;z4i(itaitt' 

mKgetiraittglent 11.30t4/..64 4,0.4- 6.6 Oat 'qku6- tt; 

41'..:6" -0,1s3At tirat-tim=, 

lw datMrst at:V§ 

4..i,'fr.-gdittiqu4 at-a 03'44' V.'40..41.00.40.4:tq' U.004,4:44.; 

Attittl- 1-44ht, 44. totlTAI.. with th » 
. 

' 

wax'olVvige Aprao Gvailap, ìt C. ',R., $ci:140-4e 

oP 40:0 t'h4.t.t40..-40.0r...-ato.V- 1Md ropao.:8,...ttp.at.q VVOt.Ortil' -444 

tI00,0.to sAM.0404..0 to 0y 1))11.1,v. 

DIM ',Alt oac:otrate.:4 b;:* 046.0k#ty..0$3,41, 

!ilko Aha.gt Taacheu.ho water table. 

olnaL4.7,0:a 4 

.Th iA oporater.' r 1;4w riarratt.fm ritTry.vt wig.% good. no, y 

ptoq; 444 *v0}40i. i A116'40103 tsq.k.o,t1 oolgom 0:00,e 

0444-.4.4 o*:.pdf:Wd. m*A, 



 

-04 



, . 

T.TUM,11,4*.V.:T 

r./004n.Oo 

R4irA4.. :0.0,:¡,:4 0-44:00-0.3?t: 4.4-04014* 0. 

4.C)VPMI)°r 

ett.1 

T.0 

Adminigraiin 

IIEGEITEq) 

1,9%;a 

014..k,i40; 41,1' *10.40 enihk-441**0'.10A0o 
It. gö 

M. 06ar:. elott..* 
d6A0. 

tl*;0044:0t 14.0i4 'WM 

34(13 CO:61(tIATWON$ 

l'4.g4.pv.)..p.*-xty WO, inopotvkl, ,96$ 

the 1-10ro.-41. hiOki h. M. 0.k7i4A:j.4.044 

Th6 iu410.4V4t4iTiilitiA 'w:to o-014k -0:44,114-iWv.4444. 40f:,11, a' 1:0 

foot. t40 rekevo.mi w 40Wkol tr :kidi.4004in4 

r.41-1,44io 444.14o. "4%4*. 

WO4 0 vvOlaivve avp 

exp-o.e.#44 .wotk. The 0.444 v46 put)-40.111 

4t 04. po-s-.4.4t 406, 
7Viu, wool. om.414.v,to4 agito:KItty iP 

ç ir o40:404$ ztkA140or-._ 1.40.0 *04 roPtopo44 

tl? 4tx iga0Pxl.e* o.v6v-ir fi.v4 mon, 1 M 3i ., o.00 aa4 

Mioikv;W. 1.1:.10,0 SwitIti, #i1,4pe, 'retojtail iktoolia 

flto. opo.0110, 



REcammrA413,,,Viat-1,75 

a, rox: :4-iiprove):::116411; of: operati6rist 

0.00,4-aor, C2 otivael more time at Voct's, VrQpintY--, 

:Re hi4 gltn41,,141,0 V[ati&V 

p:to-bie,rxs tho.t :way csAetuatored, aata Saostoto im.v,o/ve0 'Mth tiv,) 

movk. 

ANtiPA Ra-ps 

reig ft'a 9x-plOratOy shaf.t; wao molt to a 4epth 

1'6,5 ara with stand4rd shaft elot:a of' A 'sy aritbot 

ach 

sivaiiwe 0.01'.09po imuipleted c1A+lod the a hvaa- 

fmn10.,, halt htnua.e., ava. fiat* ttaclz. 

ct-YaM EN TS eM1 !P-110ate:=0 

tva. ittiade cra thc wovinz. Qpokatioxo vove 

toys:v.61'401.y ottv d Xxoxr, Oct. ao to Ot. Taecatuse af XP,ittvre of the 

Iaba,$t TA:Otoi lawl to be i,opla,cod.. 

Thb Uttts.761 operatitm wai5 dolu iy inflopeindemt co 

tra,ct at a e $50.00 per' foot gox who Tux:tilohed oltplosives. 

Otev MatOrW-1 Arta a'appli,P$ 'tf-OMV-1,1rehas4:041bY th0 <q)ex4atov., 

OP8RAT1Nd CONDITION,13 

opvgativ esouawona y,rtoxo !Air. WV 1.1-11$ =It ipt beon 

C0Outetz,-.1 i . . tb, Oat. 

TA* opo-vatiwl WaP ir,Op0-Cterl by M0 Joba e. r1, 



St44:;t* 6-'44ty g z'cw;6-01r4O*44040 

i4..,,:ipi;"0-V<-;41.;;;O:t2.0 b,. oat o4,-...;c-XlIi..4litr' 'Iqe 

1.41qc,y or. o'lr;liztaXfz-',11\161. : : , 

M ltig eiiti.o.t$v,¡ 140 

triaed,-41:o Wti;t:l< .t4be.:o VU7'. VIQv,o'bzetr,0 tWiv.304 

7r31.0.10.1;1±' ,O,r& totio:t? the i'mio-p0400-at e..4*-trac,=;-tvo 

lï thEa ot,:mvattiml a-Ad :41-:41%ae-a vmrhTnert, "Me ka cOM,toti.5-4_11 

f.1- a 0.0 oktilt r q bi4.:08. mon wk ed 8 t 1 11614,1.4,,":01' 

tiwy rhAtt r412, ayo 

Q-Pti,M1110-1'0.:6:M:0114:tVgliV WirPO1O,',4 

ll'avtidlantoori ViA,;:t071.by e 41. 

howea 419, Vej 40 lolutv 4.11art Jr? 

in. ao,pth. 

Tlw 090: .0.,....4(P')':e0.0vo .1,1t4twed r bt :Q*Ail 

Ood. 

11.10.Tot AL cm,czyM STAN 

itioretwietyt contwactorn hope to oomplo0 

po:etiazi o th o opovt. tiou to. a (loth 1$0 fett by cl'almary.1.9$4i, 

ruturo pvogv-o$t till depend to a large e.itent upc.on*ater- pv,:iblome 

that wtU h etkcoursterod. 



3.-,tade :_0'.h.eari?..0...blikr.111: Ohae No 

Çl 701i4erra1zatio:1) w ov jP the- 014-Ti,-VA. 

*.01)1.0.0 toom the 1;16:kiat.ot-tli6 16546;0 ana 

ftitW4..ovq..:v..e4.0:-.0.:000a,gt the plloporty.vroiv.1 o_i.ml..:yv,0114.7. the lUreaa.tf 

arKa Ore ti;14-,%Sdh., 

{404(49', 

04-g40 1.vorn 1 1 

3-344 4 o Wato:e pond. 

0*.extblati.en beata evarg-r.ation tlf \Patel' 

zta-kri1,4o4. S4440 awl t-41..aeieatped vivo.eAce of, Ai, re., Ce. Mg Na, 

Wks".11-6-t 40t0ated Olhor 

w-th uttrw- violet 1103.t fillorb*tent acreen detectmd 

.g-(01,t-h0 4O okay, 

-OTE-$41-1. R42010.-AATIN 

Âci tO M. vfl Bibmb-weg 013e-ratdr May uòxlvy bits 

loaee oix 'WO 15vop,r-t)i v Mv. John Jo Pav nd PmR0oftafg 

Np alb-034144 
tirigitow 



U. Di/L(; QUICUILYIM 

WATIVE REPORT lkiR JA A1( 1954. 

The .f:-ihaft sInking WE completed daring Jury 1954. 
'Ts-ha Wheat' io 330 feet deep and ti. r' to tho 

At tae ve.rY 1..>00* a little mi.tor 8ospihz in. At a di:4)th. of. 
300 ft Opm the collex, a 14 foot stationrset wap 1A-14p. 
30A.0.0.441.9 0-04w4 w4..ptax.taa to the Soutb., at ri6nt 

II*4haft; At the bna Of thP moth ii 
6tbsedutwks 46 l't:rt lood? The crossbut was entirely'in '640 

shaloS thru whiCh the 'shaft was sunk, it was-dry and has not aen 
tirabored to date,.. Nb ,r/rovision was made in the oontract for a 
shaft station and no station has been out out 

S.1_pking wA0 completed on January 16th and otossouttiriV 
, ...- 

started on t10, MP, 0.134LT.. the eink-lng buoket for hoisting. After 
the Oroout.k.iad.:Wip. 6,tavansed: some 23 foet, Vac 6aaft was 

O1e4P.e.4 ot4;..4)J.a t11,11)R41-4)43 Iiias gompleted. Then a sage waS huA..i; in 

the "'shaft. to. hbist.JAi.e 20 .,Su ft. miae oars which axe beinij load:6d 

by a #1:-3 1,nmeo m46kiho maChine. 

At the snS.ft collar, tracks were laid from the 4't to. 

a turntable iloo.t. #16 bin IäRL?'Gtd® The dump track wae extended north, 
tho roaa to a now and unlimited dum bite. 

Woly Of transite pipe is oh hand for th nmy.) and 

supply of peeler logs, some i2,9-E0' low:, and buffo 10" in diailieter 

.is on hand for timberlaa tho orossout. 

The Contract. NO. rufE 544, Dookot DMEA 244P. under 

which this work ia 1jeírL. done, was transferred frOmt 
Ronnie Sidith,,Trustee, 

2106 Tower Petroleum Th:alas 1, Teicas, to 

John t. Jonas & John E..jonnson, 
26 Los Robles Dri-Ni'e, Burliname, Oaliforniai 

:I. 2 
Lbe.,0 



28 



P SEARCH PCT 
SITE CHRONOLOGY AND 

PROPERTY HISTORY 
MT. DIABLO QUICKSILVER MINE 

CONT II A COSTA COUNTY, CALIFORNIA 

Prepared By: 

US Army Corps 
of Engineers ® 

Sacramento District 
Geotechnical & Environmental Engineering.11iinch 



 

TABLE OF CONTENTS 

1.0 INTRODUCTION 3 

1.1 Background 3 

1.2 Approach 4 
1.3 Key contacts 5 

1.4 Report Overview 5 

2.0 SITE HISTORY 6 

2.1 Location 8 

2.2 Adjoining Properties 9 

2.3 Site Owners /Operators 11 

2.4 When Operations Began 17 

2.5 Type of Operations 17 

2.6 Substances Manufactured, Treated, Stored, or Disposed 18 

2.7 Waste 18 

2.8 Permits 18 

2.9 Warnings or NOVs issued by regulatory agencies 19 

3.0 PROPERTY HISTORY 20 

3.1 Chain -of -Title Search 20 
3.2 Environmental hazards 25 

4.0 REFERENCES r 28 

LIST OF FIGURES 

Figure 1 Location Map 

Figure 2 General Land Office Plat 

Figure 3 Parcel Map 

LIST OF TABLES 

Table I Table Tracing Current Assessor Parcels to Original Mining Claims 



Mount Diablo Mercury Mine Site Chronology and Property History Report 2 

Table 2 Mine Production History 

APPENDICES 

Appendix A Timeline 

Appendix B References 

Appendix C Orders 

Appendix D Chain -of Title Search Report 

Appendix E Miscellaneous title search documents 

C:\ data\ protects \mtdiablomine \report\site chronology and property history report.doc 8/8/2008 



Mount Diablo Mercury Mine Site Chronology and Property History Report 3 

1.0 INTRODUCTION 

1.1 Background 

Mount Diablo Mercury Mine consists of a western and an eastern underground 

mine works, an open -pit mine, and mill works located in Township 1 North, Range 1 

East, Section 29, Mount Diablo Baseline and Meridian (Figure 1), three miles from the 

City of Clayton, Contra Costa County, California. Mining activity began as four cinnabar 

mining claims; the Powell, Hastings, Welch, and Bendixen claims (Figure 2). The 

subject properties are Contra Costa County Assessor Parcel Numbers 078 -060 -034, 078- 

070 -036, and 078 -070 -034 as well as 078- 060 -032 (Figure 3), 

According to the public record at Contra Costa County, the acid mine drainage 

first came to the attention of the State of California in March 1939, A County prison 

farm (Thomas B. Swift Sunshine Preventorium) located downstream of the mine 

observed iron and sulfuric acid discharge to the creek and contacted the California 

Bureau of Sanitation, Department of Public Health . Mine drainage also elevated 

chloride from interception of natural spring water. In response, the mine operator 

constructed a catch basin that functioned to percolate acid mine drainage into the 

subsurface during the dry season and overflowed during the rainy season. The result was 

that sporadic complaints of hard water in downstream wells began to occur. Eventually, 

the prison farm abandoned its wells. 

The United States Public Health Service published the first chemical water quality 

standards in 1946. After this, regulatory interest in the mine drainage by the Bureau of 

Sanitation, California Department of Public Health increased as evidenced by an increase 

in correspondence found in the County records. The focus at this time was on general 

water quality parameters, not toxicity. 
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The California Dickey Water Pollution Control Act was passed in 1949. On June 

9, 1952, the Water Pollution Control Board #5 (predecessor of the Regional Water 

Quality Control Board Central Valley Region) issued the first waste discharge 

requirements for the mine discharge, Order No. 135. The order was written to Mr. 

Ronnie B. Smith. The Regional Water Pollution Control Board later issued Resolution 

Number 53 -21 on February 27, 1953. Mr. Smith lost interest in the mine shortly after 

this occurred and the partnership of Jonas and Johnson assumed operation. The most 

recent order in the record is Order No. 78 -114 on September 8, 1978 issued to Jack 

Wessman. 

The original order included a pH neutralization requirement and resulted in the 

use of lime in the pond during high flow by 1958. Also in 1958 acid mine drainage was 

found to be polluting the water in the Kings Marsh Creek Springs Resort Swimming 

Pool. 

This report was prepared by the Geotechnical and Environmental Engineering 

Branch of the Engineering Division, Sacramento District, United States Army Corps of 

Engineers (USACE). 

1.2 Approach 

This report follows EPA's guidance document titled PRP Search Manual 

(USEPA, 2003). A Baseline PRP Search has been conducted. The "Site Chronology 

and Property History Report" is presented here using the format suggested on Page 212 

of the manual. The report does not include a PRP Synopsis Report. 
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1.3 Key contacts 

Position Name E -mail telephone 
Program Manager .,..\ ® $ @usace.army.m 

t 

505- 342 -3435 

Project Manager 
Ty @u sace.army.mil 

916 -557 -7455 

EPA Region IX 
Counsel 

arry Bradfish Bradfsh.Lany @epamail.epa.gov 415- 972 -3934 

EPA Region IX 
RPM - 

John Hillenbrand Hillenbrand .John @epamait.epa.gov 415- 972 -3494 

USACECounsel @usace.army.mil 916 -557 -5293 
Technical Lead usace.army.mit 916 -557 -7903 
RWQCB Victor Izzo vizzo@waterboards.ca.gov 916- 464 -4626 
RWQCB Ross Atkinson rtkinson@waterboards.ca.gov 916- 464 -4614 

Contra Costa County 

Edward Turner (GIS) etum@pw.cccounty.us 925 -313 -2015 
Lillian Fujii LFuji @cc.cccounty.us 925 -335 -1814 
Linda Wilcox 
(counsel) 

LWilc @cc.cccourity.us 
- 

925- 335 -1800 

Sue Loyd (Hazmat) sloyd @hsd.cccounty.us 925 -250 -7912 
Mitch Avalon (PW) maval @pw.cccounty.us 925 -313 -2203 

CH2MHil1 Todd Wang Todd.Wang @CH2M.com 916 -563 -2521 

1.4 Report Overview 

The report is divided into a site history and a property history. The site history 

discusses operations at the site and the permitting and regulatory history. The property 

history is a discussion of property ownership evidenced by legal documents such as titles, 

deeds and liens, and also discusses any environmental studies documenting risk to human 

health and the environment. All available references cited in the report are found in 

Chapter 4.0 (References) have been included in Appendix B as a compact disc. The land 

in Section 29 was patented to individuals by the US General Land Office in the late 

1800s. Since then the land has been subdivided. A cross -reference table is included in 

Table 1 that correlates present day subdivision assessor parcels to original quicksilver 

(mercury) mining claims filed with Contra Costa County and the United States General 

Land Office as an aid to the reader. 
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2.0 SITE HISTORY 

Some background information is necessary to understand the early history of the 

Mount Diablo Mercury Mine. A timeline is included in Appendix A. In the early days of 

American westward expansion, federal land was not yet surveyed, mining laws were 

inadequate or non -existent, squatting and sometimes violent disputes over mining claims 

was common. At Mount Diablo, many mercury mining claims were established years 

before the United States General Land Office (GLO) established control over public land. 

The initial mining claims were filed with Contra Costa County and recognized by the 

GLO only decades later. Subsequently the land was subdivided, consolidated, and 

subdivided again. In order to understand how the present and past parcel boundaries 

were drawn and hence which present and past property owners might be Potentially 

Responsible Parties (PRPs), and to understand the reasons for the sudden 

commencements and terminations of mining activities according to the market price of 

quicksilver (mercury) it is helpful to place the past mining activity in historical context. 

California gained independence from Mexico on June 14, 1846. After four years 

as the "Bear Flag Republic ", California gained Statehood on September 9, 1850 as part of 

the Compromise of 1850. William Ryder Powell filed the first recorded mineral claim 

with Contra Costa County on April 29, 1849 during the tenure of the Bear Flag Republic. 

His original claim therefore pre -dates federal jurisdiction. The claim was a placer -mining 

claim for cinnabar in Dunn Creek adjacent to what was to become the Mount Diablo 

Quicksilver Mine. 

Mount Diablo was first established as a baseline and meridian for the United States 

Public Land Survey in the West in July 1851 by Col. Leander Ransom. R. D. Cutts of the 

Coast and Geodetic Survey (now the National Geodetic Survey of NOAA) placed a 

marker there for use in the National Triangulation Survey in 1852. Spanish land grants 

honored under the Treaty of Guadalupe Hidalgo were surveyed first, which lasted at least 

through 1859. These grants existed primarily along the California coast and in the 
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Central Valley. No such grants covered Mount Diablo; it therefore became federal land 

upon statehood. 

Mining claims are difficult to file without cadastral data such as the Public Land Survey. 

William Brewer, accompanying Josiah Whitney's famous geological survey for the 

California Geological Survey, established the elevation of Mount Diablo peak in 1862, 

which established the basis for cadastral survey. The first official federal land patent in 

the Section was in 1862 to the Western Pacific Railroad, authorized by the Pacific 

Railway Act of 1862. Prior to this time there was no land record at Mount Diablo. The 

American Civil War officially began when the Confederacy fired on Fort Sumter on 

April 12, 1861. Few federal land patents other than those directed by Congress were 

issued in California until the late 1860s, even though mining operations on federal land 

were already well underway. Squatting;ons federal land by miners was encouraged during 

the Civil War since the Union needed metals for the war effort, but it took decades after 

the fact to sort out the land claims. 

The town of Clayton near the mine was founded by Joel Clayton and Charles 

Rhine in 1857 which created a logistical base for mining on Mount Diablo. The Civil 

War created a great demand for strategic minerals, including copper and mercury. A 

"copper rush" began at Mount Diablo in 1862. Placer deposits of cinnabar were already 

known and being mined in the area for use in the gold fields. As a result of the search for 

copper, cinnabar (mercury sulfide) deposits were discovered on federal land at Mount 

Diablo in 1863. 

A number of laws have affected mining in the West that are helpful to keep in 

mind while reviewing this report including the 

US Chaffee Mining Act of 1866 

US Mining Act of 1870 (placer mining) 

US General Mining Act of 1872 

US Timber & Stone Act of 1878 
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Stock Raising Homestead Act of 1916 

US Public Health Service Drinking Water Standards Amendments of 1946 

California Dickey Water Pollution Control Act of 1949 

Defense Production Act of 1950 

US Public Health Service Drinking Water Standards Amendments of 1962 

California Porter Cologne Water Quality Control Act of 1969 

US Water Pollution Control Act Amendments of 1972 (Clean Water Act) 

Safe Drinking Water Act of 1974 

California Surface Mining and Reclamation Act of 1975 

US Surface Mining Control and Reclamation Act of 1977 

California Toxic Pits Cleanup Act of 1984 

Demand for mercury for use in the manufacture of mercury ' fulminate in 

subsequent wars caused the price of mercury to soar and generated renewed interest in 

mercury mining at Mount Diablo. The site history shows renewed activity during the 

Second World War, the Korean War and the Vietnam War. The last known mining 

activity was by the Guadalupe Mining Company in the early 1970s. Since then demand 

for mercury has been low as substitutes have been found for many of its former uses. The 

last operating mercury mine in the United States, the Cordero Mine in Humboldt County, 

Nevada, shut down in 1981. Since then there has been no interest in re- opening the 

mercury mine on Mount Diablo. 

2.1 Location 

The area was once subject to a great deal of mining activity for mercury, copper, 

coal, and manganese and was referred to by the United States Bureau of Mines as the 

Mount Diablo Mining District. The site is located in Township 1 North, Range 1 East 

Section 29 of the Mount Diablo Baseline and Meridian (Figure 1). The western and 

eastern mine works are located on Contra Costa County Assessor Parcel Number 078- 

060 -034. The settlement pond is located on Parcel Number 078 -070 -036. Some of the 
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mine waste is on Parcel Number 078- 070 -034 immediately to the southeast of the mine 

properties. Altogether the disturbed land is approximately 100 acres. 

Geographically the site is on the northern slope of North Peak north of Mount 

Diablo, near the intersection of Marsh Creek Road and Morgan Territory Road. The 

nearest town is the City of Clayton three miles to the northwest. Mine drainage flows to 

Dunn Creek, a tributary of Marsh Creek. Lower Marsh Creek flows through a flood 

control project funded by the US Department of Agriculture Soil Conservation Service 

(now the Natural Resource Conservation Service) under the PL -566 Watershed 

Protection and Flood Prevention Program. The creek flows through the CalFed Dutch 

Slough Wetland Restoration Project and eventually flows to Big Break and Dutch Slough 

and hence to the San Joaquin River (Stockton Deep Water Ship Channel), near the 

confluence of the San Joaquin and Sacramento Rivers in the Sacramento -San Joaquin 

Legal Delta. 

2.2 Adjoining Properties 

The parcel to the immediate north of the mine property (078- 070 -033) was 

originally patented by the US General Land Office to the Western Pacific Railroad (See 

Attachment E) as the first land patent in the Section. The land patent was withdrawn, as 

the Transcontinental Railroad Act did now allow the railroads to receive land grants with 

mineral resources, and re- issued as a mineral patent to William Rider Powell of Powell 

Cinnabar in 1898. Powell had already filed a placer mining claim with Contra Costa 

County as early as 1849. Powell placer mined Dunn Creek for cinnabar. Today the land 

is owned by Mount Diablo State Park. 

The parcel to the west (078 -060 -033) was originally part of the George 

Grutchfield GLO homestead claim and subsequent consolidated Mount Diablo 

Quicksilver Mine property. The property was used as a rock quarry by the Bradley 

Mining Company. The property was sold by Robert E. and Dana Dunn on June 11, 1992 
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to Save Mount Diablo, who in turn sold the property on July 10, 1992 to the California 

Department of Parks and Recreation (Mount Diablo State Park). 

The parcel to the south (078- 060 -032) was originally a non -patented mineral 

claim filed by Jacob Bendixen with Contra Costa County on April 28, 1878. According 

to County records, Mary Ives Crocker and Kate Dillon Winship bought the land from 

Jacob Bendixen and Paul de Martini on December 23, 1908. The property is owned by 

Mount Diablo State Park today. 

APN 078 -060 -009 to the south was patented (Patent 312143) by the General 

Land Office as a homestead claim to Joseph Arraya on January 28, 1937. The property 

belongs to Mount Diablo State Park today. 

Parcel 078 -070 -034 to the southeast was originally part of the Lyman Hastings 

cinnabar claim (patent 1494) and the consolidated Mount Diablo Quicksilver Mine. The 

Morgan Territory Investment Company subsequently acquired it and sold it to The 

California Department of Parks and Recreation on February 2, 1976. 

Land to the east was patented by the GLO as Patent 1494 to a mercury miner 

named Lyman W. Hastings on May 15, 1869, although his mining claim with the County 

preceded that. This land patent included 120 acres in Section 28 and 40 acres in Section 

29 where the pond, eastern mine works and mill works from the Mount Diablo Mercury 

Mine are today. Immediately east of this land was the mercury prospect at Sunshine 

Camp. 

Southeast of the property on APN 078 -120 -041 is the old Perkins Canyon 

mercury mine that has been attributed to Lyman Hastings. The land is owned today by 

Mount Diablo State Park. 

The record shows there were several mercury mines and prospects in the Mount Diablo 

Mining District, two near Sunshine Camp, two in Perkins Canyon, two in Long Canyon, 
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and, one at Russelmann Creek. Asbestos, manganese, and copper mines are more 

numerous in the mining district. No calcines can be found today at any of the other 

mines. Either the calcines have subsequently been washed away, or more likely, ore was 

transported to the millworks at the Ryne Mine and later the Mount Diablo Quicksilver 

mine for processing. 

2.3 Site Owners /Operators 

The current site owners are Jack and Carolyn Wessman who bought the property 

from the Guadalupe Mining Company on July 2, 1974. Mr. Wessman was an employee 

of Security Pacific Real Estate Services at the time. They subsequently subdivided the 

property and parcel 078- 070 -036 was deeded to the Mount Diablo Springs Improvement 

Society (Jack and Carolyn Wessman) on December 30, 2005 and Parcel 078-060-034 

was deeded to the Wessman Family Trust on May 10, 2005. 

For most of the mine's history, mine operations have been conducted under lease 

by mine operators and not the property owners. Past mine owners are discussed in the 

chain-of-title search discussed in Section 3.1 

Robert Ogilby, an ownership partner with John Welch, financed and 

superintended the mine during its early years. Robert Ogilby later became a faculty 

member of the College of California in Oakland and hence became a charter professor at 

the University of California in 1869. He went on to found the gold mining town of 

Ogilby in Imperial County, California after the region was made accessible by the 

completion of the Southern Pacific Railway. Ogilby listed his profession at the time as 

surveyor and engineer. Because of his association with government, consideration was 

given as to whether at any time he might have acted as an agent for the State of California 

or the United States of America in any of his mining ventures. No evidence was found 

that Ogilby ever, at any time, acted as an agent for others. 
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Mr. Ogilby was named in Mining and Scientific Press of San Francisco as a capitalist 

who built the road to the Welch mine and financed the mill works. He also built the 

Ogilby Toll Road from "Lake Valleys' in what is today South Lake Tahoe to Johnson's 

Pass along today's Highway 50 route. Ogilby Grade, Ogilby Creek and Ogilby Canyon 

in El Dorado County were all named for him. The ghost town of Ogilby in Imperial 

County was a gold mining town beginning around 1884 and was likely named for the 

same man. Robert Ogilby is also a renowned artist of early California scenes. His 

painting of Grass Valley during the Gold Rush hangs in the Bancroft Library of the 

University of California at Berkeley today. According to census records, he was an 

immigrant who came to California in 1849 or 1850 during the Gold Rush. He lived in 

Sacramento, Oakland, and is last known to have lived in and probably died in a boarding 

house in the City of San Francisco leaving behind a wife and two children. He evidently 

made and lost several fortunes. Mining busts at Mount Diablo and Imperial County 

probably left him a pauper in old age. 

The first known mine operator who was not a mine owner was E.J. Ryan who 

operated the western mine works from 1875 to 1877. It is estimated that as many as 

1,000 flasks or 76,000 lbs of mercury were produced from the western mine in the early 

years. 

Miners named Vic Blomberg and others (Hardy, Moni) began leasing the eastern 

and western mine properties circa 1930. They produced at least 58 flasks pr 4,408 lbs. of 
mercury from the western (Ryne) mine works and 9 flasks or 684 lbs. from the eastern 

mine works. 

Vic Blomberg formed Mount Diablo Quicksilver Mining Company, purchased the 

eastern Hastings mine from B.A. Howard Lumber in 1934 and purchased the western 

Welch (Ryne) mine from Joseph Tonge at about the same time. This consolidated the 

mining operations into one unified mining property. 
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C.W. Ericksen operated the mine from 1933 to 1936 and produced at least 730 

flasks or 55,480 lbs of mercury. The archive at the Contra Costa County Historical 

Society includes a record of sales. 

Mr. Ericksen was succeeded as mine operator by the Bradley Mining Company, 

owned by Worthen Bradley, from 1936 to 1947. According to the records of the US 

Bureau of Mines, the Bradley Mining Company operations account for most of the 

mercury production at the mine. They produced 10,329 flasks or 785,000 lbs. of mercury 

and generated 91,561 tons of calcine waste. 

The mine closed in the aftermath of World War II but reopened during the Korean 

War. In 1951 the mine was leased and operated by a partnership. Ronnie B. Smith, 

whose office was in the Tower Petroleum Building in downtown Dallas, Texas served as 

trustee for a partnership formed by Jene Harper, President of Franklin Supply Co of 

Chicago, Illinois which still exists today, and James Dunnigan, President of Producers 

Refining which was later taken over by CITGO, which now belongs to PDVSA, the 

Venezuelan State Oil Company. Contact information given at the time is below: 

Ronnie B. Smith, Trustee 
2106 Tower Petroleum Building 
1907 Elm Street 
Dallas, Texas 75201 

Gene Harper, President 
Alfred J. Mitchell, Treasurer 
Franklin Supply Company 
624 South Michigan Avenue 
Chicago, Illinois 

James F. Dunnigan 
Producers Refining 
Chicago, Illinois 

Ronnie B Smith obtained a 75/25 cost -sharing agreement with the United States 

Department of the Interior Defense Minerals Exploration Administration (DMEA) under 

the Defense Production Act of 1950. While they operated the mine for a short time, they 
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may never have done so under the contract with DMEA, which was signed in 1953. 

Their production is estimated to be 102 flasks of mercury and 1,369 tons of calcines. 

By 1954, J.L. Jonas and J.E. Johnson operated the mine under the DMEA cost - 

sharing agreement. Production was 21 flasks of mercury and 309 tons of calcines. Their 

addresses were given as: 

John L. Jonas 

John E. Johnson 

Jonas and Johnson arranged to assume the DMEA contract in place of the Smith 

partnership in 1954 and operated under the cost -sharing arrangement through 1955. The 

records can be found in DMEA Docket Number 2448, on file with the US Geological 

Survey office in Spokane, Washington (USGS, 2003). A review of the docket, which 

numbers several reams of paper, revealed as a condition of the cost -sharing agreement 

that the DMEA required advance submission of a plan detailing the exact location of 

planned shafts and drifts. The DMEA claimed 75% ownership of all capital equipment 

used in expanding the mine, hired an onsite consultant to monitor progress, and 

conducted detailed audits of expenditures at the mine. Furthermore, when the mine was 

flooded, the DMEA reviewed the plan to de -water the mine and later to treat acid mine 

drainage and approved payment for the work. The terms of the contract also gave DMEA' 

a royalty interest in any minerals discovered as a result of the mine expansion performed 

with the loan. 

The mine was flooded in 1955 during the execution of the DMEA loan contract 

and a miner was killed. The State of California Regional Water Pollution Control Board 

brought mine de- watering to a halt due to complaints from neighboring properties about 
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the acid mine discharge. Jonas and Johnson were never able to put the mine back into 

operation after the disastrous flooding. 

Cordero Mining assumed operation of the mine in 1955. Contact information given was 

Cordero Mining Co. 
131 University Avenue 
Palo Alto, California 
J.N. Pew, Jr., President 
S.H. Williston, Vice -President 
John C. Agnew, Secretary- Treasurer 

Cordero Mining was created with discovery of the Cordero Mercury Mine in 

Humboldt County, Nevada. At peak operation, the Cordero Mine was the largest 

mercury mine in the United States and was the last operating mercury mine in the United 

States before it closed in 1981. Cordero Mining was bought by Sun Oil Company 

(Sunoco) in 1941 and was dissolved or sold in 1993. Sun Oil Company is currently 

cleaning up the Horse Heaven Mine in Jefferson County, Oregon under a Record of 

Decision. The Horse Heaven Mine is an abandoned mercury mine property that was once 

owned by Cordero Mining and is now owned by Sunoco. 

Cordero Mining declined touse DMEA funds and operated the mine 

independently, completing the work planned under the DMEA contract by adding several 

hundred feet of tunnels to the existing underground mine works. Ore was not of 

sufficient grade to be economic and Cordero dumped the excavated rock and unprocessed 

metacinnabar ore and ceased operations within a year. 

Cordero's participation at Mount Diablo was documented in DMEA Docket 

#2448, and was also discussed on page 23 of CDMG Special Report 80. 

Sometime in 1956, Nevada Scheelite (a subsidiary of Kennametal), a tungsten - 

mining company from Nevada, operated the mine. Amount of production is unknown. 

When Nevada Scheelite abandoned operations in 1958, John E. Johnson took over 

operation of the mine but died shortly thereafter and mine operations ceased. 

C: \datalprojects\mtdiablomine \report \site chronology and property history report.doc 8/8/2008 



Mount Diablo Mercury Mine Site Chronology and Property History Report 16 

In 1960, Pacific Gas and Electric sought an easement or right -of -way for high 

voltage power lines to pass over the Mount Diablo Quicksilver Mine property. More 

information is found in the mining company records now in the archives of the Contra 

Costa County Historical Society in Martinez, California. Vic Blomberg, mine 

superintendent and President of the mining company, demanded a payment of $250,000 

as compensation for the easement. PG &E believed this amount to be unreasonable and 

filed a lawsuit. The court record was not obtained but outcome of that lawsuit is clear 

since the high voltage power lines now pass directly over mine waste from the western 

(Ryne) mine works. Site inspection would be required to determine if PG &E disturbed 

mine waste or mill works when they erected the power lines over the Ryne mine. 

On May 11, 1962, Victoria Resources purchased the mining properties from 

Mount Diablo Quicksilver Mining Company, as determined by title search. The contact 

information was 

Victoria Resources 
Boris Gresov 
925 Fifth Avenue 
New York, New York 

Whether they ever actually operated the mine is unknown. They may have been a 

lumber company like E.A. Howard before them. From 1965 to 1970, Victoria Resources 

leased the property to mine operator Welty & Randall. Little information was found on 

this mine operator. Their principle activity was reworking the mine waste to extract 

additional mercury (RWQCB Memo July 17, 1967). 

On December 9, 1969, the Guadalupe Mining Company purchased the mine from 

Victoria Resources. The contact information given was 

Guadalupe Mining Co. 
14900 Guadalupe Mine Road 
San Jose, California 
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No record of mine production was found but documents mentioned that mining activity 

continued until 1971. The Wessmans purchased the property from Guadalupe Mining 

Company on July 2, 1974 and have not operated the mine. The last marketable recorded 

production was 21 flasks or 1,596 lbs of mercury produced from 309 tons of ore by Jonas 

and Johnson during the tenure of the.DMEA contract in the early 1950s. 

2.4 When Operations Began 

The first recorded mercury mining operation at Mount Diablo was reported to be 

prospector Francis Such in 1850. The first mining claim was filed by Lyman Hastings in 

nearby Perkins Canyon, date unknown. John Welch discovered cinnabar on the western 

part of APN 078 -060 -034 in 1863. The property to the north was a placer mining claim 

filed by William Ryder Powell in Dunn Creek apparently first filed with the County in 

1849. Metacinnabar was discovered on the eastern part of the Wessman property by 

Frances C. Hastings -Hunsaker, widow of Lyman H. Hastings who had been placer 

: mining Marsh Creek and mining in Perkins Canyon, sometime between 1874 and 1907, 

probably in 1877. Jacob Bendixen filed a mining claim in the southeast quarter of 

Section 29 on April 28, 1878. The Welch and Hastings claims were consolidated by Vic 

Blomberg and the Mount Diablo Quicksilver Mining Company in the early 1930s. 

Mining operations continued intermittently on the consolidated mine property until 1971. 

Mercury mining activity therefore spanned over a century. 

2.5 Type of Operations 

Initially mining at both the Welch (Ryne) Mine and the Hastings mine was 

conducted as hard rock mining underground. In 1936, the mining method was changed to 

open -pit mining by the Bradley Mining Company. For milling, ore was crushed and 

placed in a rotary kiln where it was heated to a temperature of over 500 degrees 

Centigrade to vaporize mercury, which was recovered by retorting. Low -grade ore and 
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processed calcines were disposed on -site. There is evidence that mine waste was also 

sold as aggregate (see Table 2). 

2.6 Substances Manufactured, Treated, Stored, or Disposed 

Mercury was extracted by mining, crushing, rotary kiln, and retorting of mercury 

vapors. Calcine waste was disposed onsite and sold (Table 1). Mercury had several 

historic uses. It was used in gold mines in the Sierra Nevada for separating gold from 

ore. Mercury was also used for ethyl mercury in vaccine preservation and calomel 

(Hg2C12), a sort of predecessor to tincture of iodine as an anti- bacterial treatment, and 

mercury nitrate, used in felting. But the biggest demand was for the manufacture of 

mercury fulminate - Hg(ONC)2 - used in percussion caps and blasting caps. The price for 

mercury skyrocketed with each war, stimulating an increase in mining activity. Mining 

company records at the Contra Costa County Historical Society indicate that customers 

included a mercury commodity trader in San Francisco, furriers, major pharmaceutical 

companies, instrument companies, gold mines, and a rifle cartridge manufacturer. 

2.7 Waste 

Calcine tailings were the principle waste generated by the mine. The calcines 

typically contain metal sulfides such as pyrite (FeS), millerite (NiS), chalcocite (CuS), 

stibnite (SbS), realgar (AsS), alabandite (MnS), and galena (PbS). Acid mine drainage is 

a biogeochemical process that occurs as a result of the contact of reduced sulfur and 

metal sulfides with water and oxygen. This process generates sulfuric acid and dissolved 

metal ions, a self-sustaining process which presents the principle environmental concern 

from the mining operation. 

2.8 Permits 
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The RWQCB issued Waste Discharge Requirements Order 78 -114 on September 8, 1978 

which is still in effect. Permits and orders are included in Appendix C. 

2.9 Warnings or NOVs issued by regulatory agencies 

The Bureau of Sanitation of the California Department of Public Health issued various 

citations beginning in 1939. The California Regional Water Quality Control Board 

Central Valley Region issued Resolution 135 on May 15, 1952 and Resolution Number 

53 -21 on February 27, 1953 to control discharge from acid mine drainage. A Waste 

Discharge Requirement and Cleanup and Abatement Order were issued on November 20, 

1978 to Jack Wessman. 
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3.0 PROPERTY HISTORY 

3.1 Chain -of -Title Search 

The search began with the records of the Bureau of Land Management office. General 

Land Office records were searched to determine to whom the land was originally 

patented by the United States Government. Contra Costa County was contacted to 

determine current property ownership. NCO Financial Systems, Inc. performed the 

chain -of -title search for Environmental Data Resources, Inc. The chain -of -title search 

report is in Appendix D. The search was complex because the present -day subdivision 

parcel boundaries are different from the original federal land patent boundaries. 

Additional property records are found in Appendix E. 

Western Parcel (western half of APN 078- 060 -034) 

Copper miner John H, Welch filed a mining claim on April 15, 1863 with Contra Costa 

County: The claim included the northwest quarter of T1NR1ES29, the northwest quarter 

of the southeast quarter, and part of the southwest quarter of the northwest quarter 

(Figure 2). Mr. Welch was searching for copper on behalf of a copper mining company 

from the Sierra Nevada foothills called Pioneer Copper Mining Co of El Dorado County 

and discovered cinnabar in a rock outcrop on the subject parcel. The Mining and 

Scientific Press of San Francisco reported mining operations at this mine beginning in 

1863. No records exist with the US Bureau of Mines or California Geological Survey 

from this time period. On April 17, 1875 Mr. Welch now of Welch Quicksilver Mining 

Company was granted a federal land patent for 20 acres in T1NR1ES29 referred to as 

Mineral Lot 37, Welch Quicksilver Mining Claim, and Mineral Lot 38 Welch 

Consolidated Mine & Mill Site. After the American Civil War, the price of mercury 

plummeted and there were a number of court cases recorded regarding debts owed by the 

mine and mining claim infringements in the years after the War. 
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The earliest production information is available from the reports of the California State 

Mining Bureau created in April 1880, the first report of mine production appearing in an 

1888 report (CSMB, 1888). The source of its information regarding mineral production 
at Mount Diablo prior to 1888 is unknown. The first mining operations recorded began 
in 1875, although the mine had been operating since 1863. The production from 1863 to 

1875 is therefore unknown. The US Bureau of Mines was created by Public Law 179, 

the Organic Act of 1916 (and was eliminated in 1995). The Bureau of Mines Mineral 

Yearbook had its first record of production at Mount Diablo in 1943. There is a gap in the 

record from 1877 to 1930. It is suspected some unreported production may have 
occurred during that time period. 

The mine reportedly fell into litigation in 1877, probably with the Hastings claim at the 
eastern mine works or the Jacob Bendixen claim to the south (Mineral Survey 3639 

Bendixen Mine, claimed filed with Contra Costa County on Apri128, 1878), and did not 
re -open. Perhaps as a consequence of inactivity, on December 10, 1912 the US General 

Land Office revoked the land patent for Mineral Lot 37, Welch Quicksilver Mine, 

Mineral Lot 38, Welch Consolidated Mine and Mill Site, and the Bendixen Mine 
(Mineral Survey 3639) , and restored the land to federal ownership. This made the US 

General Land Office an abandoned mercury mine owner for a period of about 17 months. 

On May 11, 1914, George E. Grutchfield was granted a federal land patent for 160 acres 

that includes the Welch quicksilver mine and the Bendixen Mine (the Hastings claim 

remained a separate property). The land was purchased from the General Land Office 

and was recorded as a homestead claim with Contra Costa County. 

On April 27, 1915, Agnes Grutchfield inherited sole title as widow of George B. 

Grutchfield. She promptly leased the property to Joseph Tonge. Agnes sold the property 

to Joseph Tonge on April 24, 1930. In the meantime, beginning on January 14, 1930, 

Joseph Tonge subleased the mining property to miners named Blomberg, Hardy and 

Moni. Sometime between April 24, 1930 and January 17, 1936, Blomberg & Moni 
bought the property from Tonge, although that title document has not been found. 
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On January 17, 1936, the property title was transferred from Blomberg and Moni to the 

Mount Diablo Quicksilver Mining Company with Mr. Blomberg as company president. 

Company officers were: 

Vic Blomberg, President 
Phil W. Cox, Vice -President 
Harold Blomberg, Secretary 

The eastern mine works dating to the Hastings claim was purchased by Mt. Diablo 

Quicksilver Mining Co. from E.A Howard of Howard Lumber Co. on February 11, 1934. 

So the three mining properties, Hastings, Welch, and Bendixen claims, were formally 

unified as one consolidated mining property on January 17, 1936. 

On May 11, 1962, Victoria Resources of New York purchased the property from the 

Mount Diablo Quicksilver Mining Company. Victoria Resources was run by a man. 

named Boris V. Gresov and the company address traced to a town home facing 

Manhattan's Central Park at 925 Fifth Avenue, New York, New York 

The property was purchased on December 9, 1969 by Guadalupe Mining Company of 

Santa Clara County. On July 2, 1974, Jack and Carolyn Wessman, the current owners, 

purchased the property. 

California real estate disclosure laws have been around since the Easton v. Strassburger 

decision of 1984, a case in which a real estate agent failed to disclose a landslide hazard 

which destroyed the value of a residential property in the city of Diablo (near the Mount 

Diablo mercury mine). The law now requires that sellers and their agents disclose all 

known material facts and defects about the property which is for sale. Ten years prior at 

the time the Wessmans purchased the property, caveat emptor was the law of the land. 

On May 10, 2005, the Wessmans transferred title for the property to the Wessman Family 

Trust. 
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North Parcel (078- 070 -033, 078 -070 -040) 

On April 29, 1949, William Ryder Powell filed the first mercury mining claim on record 
with the County. It was a placer mining claim for Dunn Creek and included Township 1 

North Range 1 East Section 29 northeast quarter. 

The 160 acre parcel north of the Wessman property (Patent 5 and later 29926), as well as 

the 80 -acre northwest quarter (also Patent 5), were patented by the General Land Office 
to the Western Pacific Railroad on May 21, 1870 under the Act of Congress that 

authorized construction of the first Transcontinental Railroad. However the Act 

prohibited patenting land to the railroad containing mineral resources. Therefore, on 
April 4, 1898,_160 acres of the railroad patent was revoked by:the GLO and re- issued to 
William Rider Powell of Powell Cinnabar as mining patent 29926 for placer -mining 
cinnabar from Dunn Creek. Part of the land from that mineral patent is now part of the 
Wessman property, and part is land now belonging to Mount Diablo State Park, 

California Department of Parks and Recreation. 

East Parcel (078- 070 -036 and eastern half of 078 -060 -034) 

On May 15, 1869 the eastern portion of the present mine property was patented to Lyman 
Hastings as a land purchase. There is some evidence that the mining claim was filed with 
Contra Costa County years before this. The claim was probably originally a placer 
mining claim for Dunn Creek. According to Seth Adams (Adams, 2000), Lyman 
Hastings is credited with the first discovery of mercury on Mount Diablo at a mine 
prospect in Perkins Canyon one mile to the south now on land belonging to Mount 
Diablo State Park, although it seems that in actuality William Ryder Powell and Francis 
Such preceded him. This property is also bounded by the Sunshine Camp mercury 
prospect to the immediate east. 
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On June 17, 1874, Lyman Hastings died and sole title transferred to his widow, Frances 
C. Hastings. Sometime shortly thereafter she married a man named Hunsaker and they 

discovered a metacinnabar (polymorph of cinnabar) deposit on the property. There is 

some evidence that mining there may have begun around 1875 when the California State 

Mining Bureau first reported production. Mining apparently ceased due to litigation with 
the Welch or Bendixen claim around 1877. E.A. Howard of Howard Lumber Company 

bought the parcel on October 25, 1907. Howard Lumber Company were probably 
harvesting oak and maple trees from Mount Diablo and sold oak and maple hardwood 
lumber in San Francisco. 

Mount Diablo Quicksilver Mining Company bought the property from E.A. Howard on 

February 11, 1934 and the property was unified with the purchase and consolidation of 
the western Welch:(Byne) and southern Bendixen mines on January 17, 1936. 

West Parcel (APN 078 -060 -033) 

This parcel contains an old manganese mine prospect and a rock quarry once 

operated by the Bradley Mining Company. The property now belongs to Mount Diablo 

State Park. It was originally part of the George Grutchfield GLO homestead claim and 

subsequent consolidated Mount Diablo Quicksilver Mine property. The property was 
sold by Robert E. and Dana Dunn on June 11, 1992 to Save Mount Diablo, who in turn 
sold the property on July 10, 1992 to the California Department of Parks and Recreation 

(Mount Diablo State Park). 

South Parcel(s) (APN 078- 060 -032, 078 -060 -009, 078 - 070 -034) 

The parcel to the immediate south (078 -060 -032) was originally a non- patented 

mineral claim (Mineral Survey 3639) filed by Jacob Bendixen with Contra Costa County 

on April 28, 1878. It was part of the federal land patent sold by the GLO to George E. 

Grutchfield as Patent 404717 on May 11, 1914 that included the Welch mercury mine 

property. According to County records, Mary Ives Crocker (an heiress of the Crocker 
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banking fortune) and Kate Dillon Winship bought the land from Jacob Bendixen and Paul 

de Martini on December 23, 1908. The property is owned by Mount Diablo State Park 

today. 

Parcel 078- 060 -009 was patented to Joseph Arraya (Patent 312143) on January 28, 1913 

as a homestead claim and belongs to Mount Diablo State Park today. 

Parcel 078 -070 -034 to the southeast was originally part of the Lyman Hastings 

cinnabar claim (patent 1494) and the consolidated Mount Diablo Quicksilver Mine, The 

Morgan Territory Investment Company subsequently acquired it and sold it to The 

California Department of Parks and Recreation on February 2, 1976. There is mine waste 

on the property. The Regional Water Quality Control Board cited the State Park for 

discharge of aoid mine drainage from Horse Creek on. State Park property to Dunn Creek 

beginning in March 1989 and as recently as August 18, 2000 (RWQCB, 2000). No 

enforcement action has been taken. 

Northwest Parcels (APN 078- 060 -003, 078 -060 -036, 078 -060 -035) 

These properties contain the original mine road built by Mr. Ogilby in the 1860s and are 

part of John H. Welch's original mining claim with Contra Costa County. 078- 060 -003 

was part of a federal land patent to the Western Pacific Railroad on May 21, 1870. The 

others were part of the land patent to George E. Grutchfield, who bought the property on 

May 11, 1914. 078 -060 -36 belongs to Mount Diablo State Park today, 078 -060 -035 is 

private land. 

3.2 Environmental hazards 

Acid mine drainage and calcine mine waste create many environmental hazards, most of 

which have not been assessed. Presumably there are environmental hazards at some as 

yet un- quantified level of risk to human health and the environment due to windblown 
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dust, exposure to contaminated soil, impact to groundwater, and unauthorized discharge 

to Marsh Creek. Of these hazards, only the impact to Marsh Creek water quality has 

been assessed and is of interest to the Army Corps of Engineers under the Restoration of 

Abandoned Mines Program. At the time of this writing, the public file of the Regional 

Water Quality Control Board had not yet been obtained and the existing data had not yet 

been fully assessed, although the Contra Costa County files were made available. 

Beginning as early as 1939, the California Department of Public Health has observed 

discharge of low pH water with sulfuric acid, flocculated iron, high total dissolved solids, 

chloride, sulfate, and hardness and began enforcement with the passage of US Public 

Health Service drinking water standards in 1946. Beginning in May 1952, the Regional 

Water Pollution Control Board issued discharge requirements under the California 

Dickey, Water Pollution Control Act of 1949 for color, precipitate, settleable solids, pH, 

and undefined "toxic materials ". The 1978 Order still in effect added copper, iron, 

manganese and zinc to the reporting list, but not mercury or nickel, the primary 

contaminants of concern. The drinking water standard for mercury was set in 1992 as a 

consequence of the Safe Drinking Water Act of 1974 and therefore post -dated the 

effective Order. No drinking water standard has been established for nickel but a 

Preliminary Remediation Goal has been established by EPA. 

Aside from regulatory orders discussed in Section 2.9, the first study under modern 

environmental law and regulation was performed at Marsh Creek Dam in 1980 

(CRWQCB, 1980). A fish study was conducted by California Department of Fish and 

Game and the California Department of Parks and Recreation as part of an environmental 

impact study for the creation of John Marsh House Park. Largemouth bass were found 

with 2.7 ppm mercury. Catfish and sunfish had up to 1.8 ppm mercury. The mercury 

limit in fish set by the Food and Drug Administration is 1 ppm. Fishing was banned in 

the lake. 

In 1987, the Water Board sampled sediment and water in Marsh Creek Reservoir 

(CRWQCB, 1987). Nickel was in bottom sediment at 118 mg/Kg and mercury averaged 

0.46 mg/Kg. 
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A study was done in nearby Brentwood, California along Marsh Creek for the 

Sweetwater Ranch development project (Wahler & Associates, 1990) to assess mercury 

contamination in Marsh Creek. A series of studies by the University of California at 

Davis were prompted by the recognition that abandoned mercury mines on Mount Diablo 

have a significant impact on the water quality of Marsh Creek (Slotton et al., 1996, 1997 

and 1998). Dr. Slotton concluded that Mount Diablo Mercury Mine discharges over 90% 

of the mercury in Marsh Creek. According to the production records of the US Bureau of 

Mines, the western and eastern mine works of Mount Diabib Mercury Mine account for 

most of the mercury production from the mining district. However, no mill works or 

calcines have been found at the location of other mining claims and prospects, leading to 

a suspicion that ore may have been transported from other smaller mining claims to the 

Mount Diablo Mercury Mine for ore processing. Further historical research would be 

required to determine where and how mercury was extracted from the other mercury 

mines in the mining district. 
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TABLE 1 

TRACING CURRENT ASSESSOR PARCELS TO ORIGINAL MINING CLAIMS 

PLSS SECTION ORIGINAL 
CLAIM 

SUBSECTION APN Owner Mine or 
Millworks? 

MDBM TIN RIE S29 

William R. Powell NE '4 
078 -070 -033 Mt Diablo State Park 
078- 070 -040 
078 -060 -034 (part) Wessman Y 

John Welch 

SE 'A NW % 
078- 060 -034 (part) Wessman Y 
078 -060 -033(part) Mt Diablo State Park 

NW 1/a 

078 -060 -003 Mt Diablo State Park 
078 -060 -035 
078 -060 -015 
078 -060 -021 
078 -060 -036 Mt Diablo State Park 

SW % 078 -060 -033 Mt Diablo State Park 

Lyman Hastings 

SE 'A NE % 078 -060 -034 (part) Wessman Y 

MDBM TIN RIE S28 

SW % W 1/2 
078- 070 -036 Mt. Diablo Springs Improvement 

Society 
Y 

078 -070 -035 , . 

078 -070 -034 Mt Diablo State Park 

NW 'A SW 1/4 

078 -070 -024 
078 ;D70 -021 
078 -070 -042 
078- 070 -043 



2 
Mount Diablo Quicksilver Mine 

Production History 

Ryne Mine Mount Diablo Mine Ore Ore Calcines Owner Operator (flasks) (lbs) (flasks) (lbs) (tons) ( %) $ 1863 -1875 General Land Office Pioneer Copper Mining Co. ? ? ? ? 
Welch Welch Quicksilver 

1875 -1877 Welch Ryne Mining Co? 1,000 76,000 ? 9 1877 -1912 ? ? ? 
1912 -1913 General Land Office 
1914 -1929 George E. Grutchfield EA Howard Lumber? 

1929 

v 
0) 

E : 
o ' 
cY: 

g 
ó 
ro 

o 
0 
° 

1930 58 4,408 .9 684 ? ? 
1931 
1932 
1933 

C.W. Ericksen 

730 55,480 ? ? 1934 
1935 
1936 
1937 

d 
0 

m 
o 
Co- 

314 23,864 2,911 3% $40 1938 1,361 103,436 8,850 9% $6 1939 1,462 111,112 12,000 13% $42 1940 1,084 82,384 14,400 15% $263 1941 1,622 123,272 14,400 15% $827 1942 1,366 103,816 12,000 13% $375 1943 "' 1,127 85,652 11,000 12% $2,562 1944 698 53,048 5,500 6% $1,886 
1945 434 32,984 4,500 5% $3,880 1946 861 65,436 6,000 6% $11,253 1947 126 9,576 1,000 1% $32,899 1948 0 0 0 $25,739 
1949 0 0 0 $8,640 
1950 0 0 0 $9,356 

1951 -1952 Ronnie B. Smith 102 7,752 1,369 1% 1953 -1954 Jonas &Johnson 21 1,596 309 0% 1955 Cordero Mining /Sunoco ? ? ? 1956 Nevada Scheelite /Kennametal ? ? ? 
1958 J.E. Johnson 0 0 0 
1960 Victoria Resources Welty & Randall ? ? ? 
1970 Guadalupe Mining Co. ? ? ? 
1974 Jack Wessman 0 0 0 

TOTAL 1,058 80,408 11,317 860,092 94,239 $97,768 



- Upper Marsh Creek - Lower Marsh Creek 

arsh Creek Watershed 

Figure 1 



Mount Diablo Mercury Mine 
Restoration of Abandoned Mine Sites 
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Mount Diablo Mercury Mine 
Remediation of Abandoned Mine Sites 

U.S. Army Corps of Engineers 

Figure 3 



 

APPENDIX A 

TIMELINE 



Date 
TIMELINE: MOUNT DIABL ICKSILVER MINE (8/6/2008) 

APN 078-060-034 I APN078- 070 -034 /Faso I APN078 O70ß36 
January 24, 

1848 
Gold discovered in California 

April 29, 1849 William Ryder Powell files first placer mining claim on Dunn 
Creek incl. part of -034 

California becomes a State 

Need 3 dates, patent, sale and Park purchase 

September 9, 
1850 
1850 Francis Such discovers gold, quicksilver and copper near Diablo (Clayton Historical Society) - placer deposits? 
1857 City 'of Clayton founded 

April 12,1861 War Between the States begins, demand for mercury fulminate skyrockets 
April 15, 1863 John Welch discovers 

cinnabar mineraldeposit,files 
mining claim with Contra 
Costa County, mining 
operation commences 

April 26, 1865 Civil War ends, mercury demand plummets 
July 26, 1866 US Chaffee Mining Law passes 
May 15, 1869 I Lyman Hastings receives federal mineral patent 
May 21, 1870 US Placer mining law passed 
May Ill, 1872 US General Mining Act passed 
April 17, 1875 J. Welch receives federal lend 

patent 
June 17, 1874 Lyman H Hastings dies 

1875? Widow Frances C Hastings Hunsakerdiscovers metacinnabar 
1875-1877 First production record with 

US Bureau of Mines, Ryne 
Mining Co. operates the 
(western?) mine 

Mining must have occurred 

" 

1877 Litigation closes the mines, likely a dispute between the two mining properties 
1878 US Timber & Stone Act passed 

April 4, 1898 US GLO recognizes Powell's placer mining claim (APN 078 -070- 
033, -040, part of -034) 

July 27, 1905 BA. Howard buys part of 
property from Powell. 

October 25, 
1907 

E.A. Howard buys property (Howard Lumber Co.) 

December 10, 
1912 

US GLO revokes Welch 
mineral patent 

May I I, 5914 George Gmtchfield purchases 
land from GLO 

July 1914 World War I begins 
April 27, 1915 Agnes Grutchfield granted 

sole title (widow) 
November 11, 

1918 
World War I end 

January 14, 
1930 

Joseph Tonga leases interest 
to Blomberg, Hardy & Moni? 

March 8,1930 Hardy leases. interest to 
Blomberg & Moni 

April 24, 1930 Joseph Tonge purchases land 
from Agnes Camtchfield 

1931 Japan invades Manchuria 
State Park created in 1921, begins acquiring land 1931 Mount Diablo 

1933 -1936 C.W. Erickson operates the mine 
February II , 

1934 
Mt Diablo Quicksilver Mining Co buys property from E.A. Howard (Howard Lumber 
Co.) 

January 17, 
1936 

Title transfer from Blomberg 
& Moni to Mt Diablo 
Quicksilver Mining Co. 

1936 Bradley Mining Co. operates the mine 
September 3, 

1939 
World War II begins 

September 2, 
1945 

World War II ends, Cold War begins 

1946 Public Health Service Drinking Water Standard Amendments 
1947 Bradley Mining Co. ceases operation at the mine 

October I, 
1949 

California Dickey Water Pollution Control Act 
- 

June 25, 1950 Korean War begins 
1951 Ronnie B Smith, Producers Refining & Franklin Supply Co. partnership operate mina 
1953 US Dol Defense Minerals Exploration Administration loan contract signed 

February 27, 
1953 

RWQCB Resolution No. 53-21 (water pollution abatement order) 

July 27, 1953 Korean ceasefire 
1954 Jonas & Johnson operate mine, miner killed, mining operation halted, DMEA contract ends 
1955 Cordero Mining Co. operates mina (Sunoco) 
1956 Nevada Scheelite operates mine (Kennametal) 
1958 John E. Johnson operates mine, Johnson dies, mining halts 
1960 PG &E sues for easement/right -of way through mitre property 
1962 Public Health Service Drinking Water Standard Amendments 

May II, 1962 Victoria Resources purchases mine from Vic Blomberg 
March 8, 1965 9a Marine Expeditionary Brigade lands at Da Nang, Republic of Vietnam. US involvement escalates through 1968 

1965.1970 Welty & Randall operate mine, rework the calcine mine tailings 
1969 California Porter -Cologne Water Quality Control Act passed 

December 9, 
1969 

Guadalupe Mining Co. purchases mine from Victoria Resources 

1971 Pace of land purchase by Mount Diablo State Park Increases, park boundary approaches mine property 
1974 Safe Drinking Water Act 

July 2, 1974 John and Carolyn Wessman purchase mine property from Guadalupe Mining Co. 
1975 California Surface Mining & Reclamation Act (SMARA) 

February 2, 
1976 

Mt Diablo State Park purchases from Morgan 
Territory Investment Co. 

August 3, 1977 US Surface Mining Control & Reclamation Act 

September 8, 
1978 

CRWQCB WDR 78 -114 

November20, 
1978 

-, CRWQCB.CAO 

August I, 1979 CRWQCB MRP 78 -114 
1984 California real estate disclosure law established (Fasten v. Strassburger) 

May 10. 2005 Title transferred to Wessman Family Trost 
December 30, 

2005 
Title transferred to Mt. Diablo Springs Improvement 
Society 
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. CALIFORNIA REGI^''.L WATER QUALITY CONTROL BOARD 
CENikAL VALLEY REGION 

ORDER NO. , 78 -114 

WASTE. DISCHARGE REQUIREMENTS 
FOR 

MOUNT DIABLO QUICKSILVER MINE 
CONTRA COSTA COUNTY 

The California Regional Water Quality Control Board, Central Valley Region, (here- 
after Board), finds that: 

' 

1. The Board on 27 February 1953 adopted Resolution No. 53 -21 which prescribed 
requirements for a discharge from Mount Diablo Quicksilver Mine to Dunn Creek. 

2. Surface and mineral rights of :the mine are presently owned by Jack and Carolyn 
Wessman. 

: 

3. Present waste discharge requirements established by Resolution No. 53 -21 are 
not adequate nor consistent with present plans and policies of the Board. 

4. Mount Diablo Quicksilver Mine discharges mine drainage from the mine tailings 
and overburden to Dunn Creek_.near, its. confluence with Marsh Creek a tributary of the San 'Joaquin River a yQkte 'of?the State. 

5. Mount Diablo Quicksilver Mìriéi 1;óeáté+illin the NE 1/4, SE 1/4 of Section 29, 
TIN, R11E, MDB &M (assors parcel #7806(408 -6) with surface water drainage to 
Dunn Creek. . 

6. The beneficial uses of Marsh Creek and Marsh Creek reservoir are: water- contact 
recreation, non -water contact recreation, freshwater habitat, wildlife habitat, 
and the preservation of rare.and endangered species. 

.7. The beneficial uses of the gróuñdwater are: domestic supply, irrigation, and 
stockwatering. 

8. The Board, on 25 July 1975, adopted a Water Quality Control Plan for the 
Sacramento -San Joaquin:Delta:_Basin.` 

. uf of .h..: $ i i, 

9. Mining operations ceased in 1971, however, the mine area continues to discharge 
mineralized water and sediment to: Dunn Creek. 

lß. The actioh.to revise waste discharge requirements for this facility is exempt 
from añ,ervironmental_ review in accordance with Sections 15101, 15107, and 
15108 of the CEQA regulations. 

11. The Board has notified ;th$,.'tf CAaAe "and interested agencies. and persons of. 
its intent to. prescribe waste discijarge4equirements for this discharge. 

12. The Board in'a public.meeting heard arid` considered all comments pertaining 
to 'the discharge. 



 

WFSTE. DISCHARGE REQUIREt1L i 
AUNT DIABLO QUICKSILVE' .,,11E 

CONTRA COSTA COUNTY 

IT IS HEREBY ORDERED, that Resolution No..53 -21, be rescinded and Jack and Carolyn Wessman shall comply with the following:, _, 

A. Discharge Prohibitions: 

' 1. The direct discharge of wastes to surface waters or surface water drainage courses is prohibited. 

2. Previously deposited,seáiménOnr,the. reservoir shall not be discharged. 

B. Discharge Specifications: 

1. The discharge shall not cause a pollution or nuisance as defined by the California Water Code. 

2. The discharge shall not cause..degradatiori of any water supply. 

3. The discharge shall remain-within the designated disposal area at. all times. 

4. The dfscharger shall implement erosion control practices to minimize erosion of mine overburden and worked areas. 

C. Provisions: ° ( 

1. The discharger may be required tó submit technical or monitoring reports as directed by the Executive Officer. 

2. The discharger shall'follow the following time schedule to comply with discharge prohibition Al: 

c. 
.3 +r«'6 t . eollílil'iárìce Compliance Report Action 

' Date Due 

Conceptual Plan 1 Nov 1978 15 Nov 1998 

Complete Construction . 1 Jan 1979 15 Jan.1979 Plan 

Begin Construction 

Progress Construction 
Report 

1 Apr 1979 

1 Jun 1979 

15 Apr 1979 

15 Jun 1979 

Full Comp1 iancé '''7 "' 
::( 

1 Jul 1979 15 Jul 1979 
;í 

3. The discharger shall follow the.following.time schedule to comply with Provision A.2: 

-2 



 

WASTE 'DISCHARGE REQUIREML'.. 
MOUNT DIABLO QUICKSILVER MINE 
CONTRA COSTA COUNTY 

Submit Conceptual Plan 

Complete Construction 

Duet 

15 Sept 1978 

1 Nov 1978 

4. The discharger shall report promptly to the Board any material change 
or proposed change in the.character, location, or volume of the discharge. 

5. In the event of any change in control or ownership of land or waste 
discharge facilities presently owned or controlled by the discharger, 
the discharger shall notify the succeeding owneror operator of the 
existence of this Order by letter, a copy of which shall be forwarded 
to this office. 

6: Any diversión from or bypass of facilities necessary to maintain com- 
pliance with the.terms and conditionsof this Order is prohibited, except 
(a) where unavoidable to prevent loss of life or severe property damage, 
or (b) where:excéssive storm drainage or runoff from any event having 
a'return frequency greater than one in twenty -five years (> 3.9 inches/ 
day [9.9 cm /day]) would damage any facilities necessary for compliance 
with effluent limitations and prohibitions of this Order. The discharger 
shall notify the Board in writing within two weeks of each such diver- 
sion or bypass including documentation of the storm intensity. 

'7. The Board will review this Order periodically and may revise require- 
ments when necessary. 

:.1,: t;lit.:: . 

I, JAMES A. ROBERTSON, Executi'vé Officer', 'do hereby certify the-foregoing is a full, true, and correct copy of an order adopted by .the California Regional Water Quality Control Board, Central Valley Region, on, .;...$...September 1978 

' CN/ap 7/25/78 

t.r.. 
.. 

t 

Original signed by 
James A. Robertson. 

.,n;, AMESj A. ,.ROBERTSON, Executive. Officer 

:n 



 

CAL'~`, ?NlA REGIONAL WATER.QUALITY CO `JL BOARD 
CENTRO VALLEY REGION 

MONITORING AND REPORTING PROGRAM NO. 78 -1 ]A__ 
FOR 

MOUNT DIABLO QUICKSILVER MINE 
CONTRA COSTA COUNTY 

RESE:R,VOIR "MOiIITORING 

A grab sample of the impounded water shall be collected during November of each year. The sample shall be collected at a point where a representative sample can be obtained. The sample shall be analyzed for6the .f,.,p1l-oWi.ng :, 

Constituents 
Units 

Specific Conductivity Iimhos /cm 

PH 
units 

. 

Copper i:l:.NTRu, i -r.' ±_ +..:J mg /1 

Iron 
mg /1 

'Manganese 
mg /1 

Zinc 
mg /i 

In addition, a mon :nly report shah ;b.ë <'tsûkMitted for the months November through March :inclusive detailing: 

1. The cistance from the water surface to the spillway (freeboard).. 

2. The condition of the containment dikes. 

3. The condition of the up watershed.diversion berms. 

REPORTING 

In reporting thé monitoring data, the discharger shall arrange the data in tabular ' form so that:the date, the constituents,,. and the concentrations are readily discernible. The data shall be ssrImarized in sdc,h :'d; n mnje:r to illustrate clearly the compliance with waste discharc,e requirements.. `Mbri toririg -shall commence not later than 30 ir'ovem- ber1979,unless otherwise specified. 

Monthly monitoring re,orts,shall be submitted to the Regional Board by the 15th day of the following mc.:ths: ..D cfr;ber thr. ugn April. 



a 
MONITORING AND REPORTING PROGRAM 
MOUNT DIABLO QUICKSILVER MINE 
CONTRA COSTA COUNTY 

If the discharger monitors any pollutant at the 'locations designated herein more fre- 
quently than is required by this order, he shall include the results of such monitoring 
in the calculation and reporting of the values required in the Discharge Monitoring 
Report Form. Such increased f requencyu h l l be indicated on the Discharge Monitoring 
Report Form. 

Ordered bv ._ Ordered by 

A. ROBERTSON, Executive Officer 

} August 1979 

(Date) 
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EXECUTIVE SUMMARY 

Before this comprehensive 1995 study, the Mt. Diablo Mercury Mine was generally 
assumed to be the main source of mercury to the Marsh Creek watershed in Contra 
Costa County. However, data was not available to quantify this input, rank the mine 
against other potential mercury sources, or rule out the possibility of a generalized 
source of mercury in this mercury -enriched watershed. 

In the project reported here, water, suspended sediments, and flow were analyzed at 18 
key sites throughout the Marsh Creek watershed during a high flow- period. State -of- 
the -art collection and analytical procedures were utilized for the 48 individual water 
mercury analyses, producing above -detection concentration information for each of the 
major tributaries and potential source regions. Combining concentrations with the flow 
data, relative mass balances were calculated, ranking each of the tributaries as to 
mercury contribution to the watershed. This aqueous watershed information was 
supplemented by mercury analytical collections from multiple groups of aquatic 
invertebrate indicator species at the 12 stream sites where they were present (41 
samples), and stream fish at the 6 sites where they were present (28 samples). 

The 1995 watershed -wide mercury information assembled here establishes that the 
mine site does indeed represent the overwhelming, ongoing source of mercury to the 
watershed. Mercury data from water collections and invertebrate bioindicator 
organisms strongly implicate the mine region as the dominant source of mercury. Mass 
balance calculations indicate that approximately 95% of the total input of mercury to the 
upper watershed derives from Dunn Creek, with an estimated 88% traceable 
specifically to the current exposed tailings piles of the Mt. Diablo Mercury Mine. This 
is a remarkably high percentage, particularly in light of the geologically mercury-rich 
nature of the watershed in general, and indicates that the mercury in exposed, 
processed, cinnabar tailings material is exceptionally available for downstream transport 
in water. 

The data indicates that the great majority of the mercury load emanating from the 
tailings is initially mobilized in the dissolved state. This dissolved mercury rapidly 
partitions onto particles as it moves downstream. The bulk of downstream mercury 
transport is thus particle -associated. 

Though Dunn Creek carried the bulk of the watershed's source mercury, this small 
tributary delivered less than 7% of the total water volume and less than 4% of the 
suspended solids load. With 95% of the mercury originating from the Mt. Diablo Mine 
area, but 95.% of the watershed's suspended sediment load deriving from non -mine, 
low mercury source regions, any significant decrease in the export of mercury from the 
immediate mine site should result in a corresponding decline in depositional sediment 
mercury concentrations downstream and in Marsh Creek Reservoir. This would almost 
certainly help to drive down the mercury concentrations in water and the flux of 
mercury into aquatic organisms. With an estimated 88% of the currently exported 
mercury linked directly to the mine site tailings piles, mercury source mitigation work 
within the watershed would clearly be best directed toward this localized source. 

Though mitigation recommendations were not a part of our scope of work, we provide 
input on the subject at the end of this report, based on the data collected in this study, 
that may help to both clarify the task and direct the planning process. 

Fishes in Marsh Creek Reservoir were found to consist in 1995 of populations of small 
mosquito fish, native planktivorous hitch, stunted bluegill, and largemouth black bass. 
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The reservoir was uniformly shallow at this time, with depths averaging 5 feet, The 
water was organic -stained and very turbid, with heavy growths of aquatic weeds, Lack 
of oxygen was indicated to be a limiting factor for fish in the bottom waters during the 
warm season. Adult largemouth bass and possibly bluegill represent the only potential 
angling opportunities in the reservoir at this time. 

Marsh Creek Reservoir mercury levels were characterized in 1995 with 26 individual 
sediment mercury samples from surface sediment as well as deep core sections, 25 
muscle mercury samples from individual adult fish, 21 muscle and 8 whole composite 
samples of juvenile fish, and 4 composites of reservoir invertebrates. 

Approximately 5 feet of depositional sediment had accumulated on the reservoir 
bottom. Reservoir sediment mercury concentrations were found to be quite uniform 
across the bottom and throughout the reservoir's 30+ year depositional sediment 
record, with the great majority of samples falling within the range of 0.36 -0,80 parts 
per million mercury, and all sediment samples having less than 1.50 ppm mercury. 

Mercury in Marsh Creek Reservoir edible fish flesh was above the health standard 
concentration of 0.5 ppm in all samples of "keeper" sized bass and bluegill, with the 
larger bass ranging up to and slightly over 1.0 ppm muscle mercury. These levels are 
of concern but are not exceptional for this region of California. They are near enough 
to the health guidelines that a decline to levels below the guidelines may be realistically 
attainable, through potential mercury mitigation work in the watershed. Mercury 
concentrations in adult fish will likely take a number of years to change significantly, 
even in conjunction with a major reduction in transported watershed mercury. This is 
because their mercury levels are a composite of accumulations across their multi -year 
lives. However, mercury levels in a number of the short- lived, alternate indicator 
organisms utilized in this project should respond to changes in source mercury very 
quickly. 

With this 1995 watershed mercury assessment, a comprehensive, accurate data base 
has been initiated for the County, describing mercury conditions throughout the major 
components of the Marsh Creek watershed. This includes mercury concentration, 
loading, and relative mass balance data for water and suspended sediment from all 
major tributaries, mercury levels from aquatic biota throughout the watershed; and 
depositional sediment and biota mercury concentrations from Marsh Creek Reservoir. 
The utility of these data for use as a general baseline could be substantially increased 
with the sampling of selected parameters in the current water year (1996), prior to any 
mitigation work, to help account for natural inter -annual variability. We note that 1995 
was an extremely wet, high -runoff year, while 1996 is more of an average water year. 
It is our strong recommendation that the County obtain as extensive and varied a 
baseline data record as possible prior to mitigation, and maintain selective monitoring of 
key sites and parameters throughout and following mitigation work. Ongoing 
monitoring of carefully chosen indicator samples will play an integral role in guiding 
and assessing the effectiveness of any mitigation efforts. 

ví 
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1. INTRODUCTION 

The Marsh. Creek watershed, in eastern Contra Costa County, is fed primarily by 

seasonal tributaries from the eastern slope of Mt. Diablo. Flows in the watershed range 

from zero in many upstream tributaries during the dry season to hundreds of cubic feet per 

second in downstream Marsh Creek during winter storm runoff, Marsh Creek flows 

through the towns of Brentwood and Oakley, ultimately emptying into the San Joaquin 

Delta east of Antioch. 

A flood control dam was built on Marsh Creek in 1963, approximately five miles 

upstream of Brentwood. The resulting Marsh Creek Reservoir is now a shallow water 

body with extensive riparian, marsh, and aquatic weed growth, providing habitat for a 

variety of wildlife including resident populations of fish. The surrounding land is currently 

used for cattle grazing. The primary function of the reservoir is flood control. Operated by 

the Contra Costa Department of Public Works, it has been closed to the public throughout 

recent years. 

An extensive residential development is planned for the area surrounding Marsh Creek 

Reservoir. As the existing reservoir may be incorporated into these development plans, 

information regarding its water quality and that of the watershed in general is of particular 

current interest. One potential area of concern involves mercury. The California 

Department of Fish and Game analyzed fish from the reservoir in. 1980. These fish were 

found to be above existing health standards for mercury (Contra Costa County 1994). 

A large, abandoned mercury mine site is present on the northeast slope of Mt. Diablo. 

The Mt. Diablo Mercury Mine is located within the Marsh Creek watershed, adjacent to 

Dunn Creek, which is a small tributary to Marsh Creek. A substantial area of exposed 

tailings is present at the site and, while this region contributes only a small fraction of the 

total flow in the watershed, it has been assumed for many years to be a major contributor to 

the downstream mercury accumulations. A series of sediment settling ponds were 

constructed in 1980 to intercept suspended sediment from the tailings and related springs. 

Water collections made in the vicinity of the mine by the Central Valley Regional Water 

Quality Control Board demonstrated significantly elevated mercury concentrations 

(CVRWQCB 1994). However, these tests did not include the entire watershed and did not 

have a low enough level of analytical detection to obtain useful data from any but the most 

extremely contaminated samples. Consequently, this earlier work could not determine the 

relative loading of mercury to the watershed from the mine on a mass balance basis. 

In early 1995, our mercury biogeochemistry research group was contracted by the 

Contra Costa County Department of Public Works to undertake a comprehensive 
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assessment of mercury throughout the Marsh Creek watershed. It was our strong 

recommendation that a relatively thorough and up -to -date understanding of mercury 

dynamics throughout the watershed as a whole be obtained before mitigation plans were 

made. We felt that it was critical to determine the relative importance of the exposed mine 

site to the watershed's total mercury loading. 

Mercury is naturally enriched throughout extensive areas of the Mt. Diablo region, 

which is why mercury was historically mined here (Ross 1940). Mercury is similarly 

enriched throughout much of the California Coast Range. As the majority of the water 

flow and associated transported material in the Marsh Creek watershed appeared to derive 

from tributaries other than the one containing the Mt. Diablo mine, it was quite conceivable 

that a significant proportion of the total mercury budget might come from more generalized 

watershed sources. Despite the locally contaminated nature of the mine vicinity itself, if the 

majority of total mercury loading came from elsewhere in the watershed, mitigation work at 

the mine could be relatively ineffectual. 

In the first phase of our mercury assessment, we developed a sampling plan that 

accounted for all important watershed tributaries, major source flows at the mine site, and 

included stations along downstream Marsh Creek to the reservoir and well beyond. We 

waited for a period of high but relatively steady flows following a major storm series, 

when suspended material was being transported in abundance and the sites could be inter - 

calibrated. These conditions occurred in late March 1995 and we were able to successfully 

collect samples throughout the watershed within a short period of consistent flow. At each 

of the 18 sites, water samples were taken for analysis of mercury in both raw and filtered 

fractions, as well as for suspended solids concentration. The mercury samples were taken 

using ultra -clean techniques and were analyzed by the foremost aqueous mercury analytical 

laboratory in the world, providing above -detection mercury concentration data for all 

samples. At each site, the water flow was determined as well. With concentration and 

flow data for each site, it was then possible for us to calculate the total loads of mercury 

moving through each stretch and to compare the tributaries on a relative basis. 

To supplement these water -based mercury measurements, we looked at bioindicator 

organisms within the watershed. At 12 collection sites, we sampled localized benthic 

invertebrates of several types. These invertebrates integrate the bioavailable fraction of 

mercury that they are exposed to over their lifetimes. In- stream fish were collected at the 6 

stations where they were present. All of these samples were analyzed for mercury, to 

provide time- integrated information on the relative mercury trends among the different 

tributaries. 

2 
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A second piece of essential information was the determination of current mercury 

conditions in Marsh Creek Reservoir, particularly within the fish populations. As the only 

data to have been collected there had been taken 15 years earlier, in 1980, and the actual 

data themselves were apparently unavailable (Contra Costa County 1994), a new survey of 

the reservoir was warranted. 

Therefore, in a second phase of our assessment, we conducted a study of mercury in 

Marsh Creek Reservoir sediments and biota in September 1995. We collected surficial 

sediments from throughout the reservoir and obtained a record of historical sediment 

mercury deposition over the 30+ year history of the reservoir through sediment core 

samples. The reservoir's current fish populations were assessed, with tissue mercury 

analyses conducted on extensive samples from all types with significant representation at 

this time. 

Table 1 summarizes the mercury analytical samples collected for both phases of this 

project. A total of 48 aqueous mercury analyses were made, half in raw water and half in 

corresponding filtered water. Total mercury was analyzed in 170 individual biotic and 

sediment samples, including 46 individual fish analyzed for muscle mercury from Marsh 

Creek Reservoir. Additional analytical samples for the project included suspended solids 

samples from all stream sites (22, including duplicate samples), and moisture and organic 

percentage analyses in 30 reservoir bottom sediment samples. 

Throughout this report, the data for each major watershed parameter is generally 

presented both in tabular and graphic form. Map figures of each of the major data 

parameters are included for the watershed as a whole, as well as for the immediate mine 

vicinity where appropriate. 

With the data collected in the two phases of the study, this report provides the County 

with information on current mercury levels throughout the Marsh Creek watershed and 

Marsh Creek Reservoir. Further, the relative importance of the various upstream source 

regions to the overall mercury loading in the system can be estimated. Finally, in the event 

that new mercury mitigation-work is initiated within the watershed, a comprehensive, 

accurate data base has been initiated, describing mercury conditions throughout the major 

components of the system, including water, suspended sediment, and aquatic biota from 

the entire watershed and depositional sediment and biota from Marsh Creek Reservoir. 

Baseline data, taking into account natural inter -annual variability, can be compared to 

mercury levels in future collections to guide and assess the effectiveness of mitigation 

efforts. 
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Table 1. Summary of all Samples Analyzed for Mercury in This Project 

Raw Water Filtered 
Aqueous Total Mercury: 22 22 
Aqueous Methyl Mercury: 2 2 

TOTAL AQUEOUS SAMPLES (48 total): 24 24 

Stream Reservoir 
Invertebrate Composites: 41 4 

Small Fish Whole Fish Composites: 18 8 

Individual Fish Muscle Samples: 20 46 

Adult Largemouth Bass: 10 
Juvenile Largemouth Bass: 10 
Adult Bluegill: I 
Juvenile Bluegill: 4 II 
Hitch: 8 14 
Juvenile Salmon: 5 
Crayfish Tail Muscle: 3 

Individual Fish Liver Samples: 7 

Sediment: 26 

TOTAL SOLID SAMPLES (170 total): 79 91 

2. METHODS 

2.1 Site Selection 

D.G. Slotton et at. 

The sampling sites utilized for the watershed portion of this project are shown in 

Figures 1 and 2. Sampling sites within Marsh Creek Reservoir are displayed in section 3.2 

(Fig. 18), 

In the watershed component of this work, our plan was to sample all-significant 

tributaries of the Marsh Creek watershed, immediately following heavy rains. We sampled 

water and invertebrates from the upper section of Marsh Creek (above Curry Creek), from 

Curry Creek, Perkins Creek, Dunn Creek both above and below the Mt. Diablo Mercury 

Mine area, "My" Creek (a tributary to Dunn Creek that runs along the northern edge of the 

mine area), and Briones Creek. We were unable to sample two streams which enter Marsh 

Creek from the south along the mid section of the creek. This was because the landowners 

repeatedly refused us permission to make collections. However, these were relatively 

small creeks and their contributions to the downstream mercury load could be estimated by 
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noting the changes or lack thereof in the varióus parameters at sites on Marsh Creek both 

above and below their inflows, As it turned out, they were insignificant to the regional 

mercury picture. 

In addition to the tributaries, we sampled water, invertebrates, and fish from six 

additional sites along the length of Marsh Creek, including a site between Curry and 

Perkins Creeks, a site -1 mile downstream of the Dunn Creek inflow, another -5 miles 

downstream, one -10 miles downstream just above the reservoir, one just below the 

reservoir, and a final Marsh Creek site well downstream at Delta Rd, between Brentwood 

and Oakley. In addition to these main stream sites, we collected water from five additional 

sites in the vicinity of the mine itself. These included samples from Horse Creek, which 

flows along the south edge of the tailings, both above the tailings influence and below, just 

before entering Dunn Creek. Other mine area water samples included outflow from the 

lower settling pond, representative inflow to that pond through the tailings, and the 

Orehouse spring which flows into the north settling pond. 

In summary: at a total of 18 sites, flows were determined and we sampled for 

suspended solids and for total mercury in raw and filtered water immediately after a major 

storm cycle. Methyl mercury was additionally analyzed from duplicate samples taken from 

Marsh Creek directly above the reservoir. Benthic invertebrate bioindicators were sampled 

at all sites containing sufficient concentrations of organisms for analysis (12 sites) and fish 

were taken at those stream sites where they were present (6 sites). 

In Marsh Creek Reservoir, . surficial sediment was collected from 8 different locations in 

the reservoir (Fig. 16). These were spaced so as to sample all major depositional areas. 

Sediment cores were taken at the centers of each of the two main basins. Fish were taken 

from throughout the reservoir. 

2.2 Collection Techniques 

2.2.1 Water 

Water collections for mercury analysis were made in conjunction with Frontier 

Geosciences Laboratory, which is the most highly esteemed aqueous mercury laboratory in 

the world. Ultra -clean 250 ml teflon collection bottles were shipped to us, individually 

packaged in double zip -lock bags. Two person clean collecting protocol was used, in 

which the actual sample bottle was touched only by one researcher who handled nothing 

else and wore sterile gloves. Samples were taken in flowing water by standing mid- stream 

and, facing upstream, submerging the bottle in the middle of the flow, The cap was 
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removed underwater, allowing the bottle to fill without coming into contact with potential 

surface film material, and then resealed before bringing to the surface. The bottle was then 

placed into the waiting isolation bags, held by the co- worker. Bagged ice packs kept the 

bottles cool and samples were shipped by overnight mail to Frontier Geosciences. Water 

samples were filtered and preserved in a trace metal clean room within 24 hours of 
collection, and later analyzed within standard holding times. 

In conjunction with each set of aqueous mercury samples, we collected identical water 

into 1 liter bottles for analysis of suspended solids. These bottles were held in a separate 

ice chest, on ice, and were returned to our laboratory in Davis for processing within 48 

hours of collection. 

Flow at each of the stream sites was determined by measuring the cross sectional area 

of the channel along a relatively uniform stretch. A known number of meters was marked 

off alongside. A current float of near -neutral buoyancy was then passed through this 

course three to ten times. Time to the nearest 0.01 seconds was recorded for each pass. 

2.2.2 Invertebrates 

Stream invertebrates were taken from riffle habitat at each of the sites where they were 

present, i.e. from rapids or cobble bottomed stretches with maximal flow, where aquatic 

insects tend to be most concentrated among the rock interstices. Stream invertebrates were 

collected primarily with the use of a research kick screen. At each site, one researcher 

spread and positioned the screen perpendicular to the flow, bracing the side dowels against 

the bottom, while the other researcher overturned boulders and cobble directly upstream of 

the screen. These rocks were hand scrubbed into the flow, dislodging any clinging biota. 

Following the removal of the larger rocks to the side of the stretch, the underlying 

cobble /pebble /gravel substrate was disrupted by shuffling the boots repeatedly. 

Invertebrates were washed into the screen by the current. The screen was then lifted out of 

the current and taken to the shore, where forceps were used to pick macro -invertebrates 

from the screen into collection jars. This process was repeated at each site until a sufficient 

sample size of each taxon of interest was accumulated to permit analysis for mercury. At 

Marsh Creek Reservoir, samples of adult dragonflies and damselflies were taken with 

insect nets. 

Samples were maintained in their collection jars on ice, and then cleaned in fresh water 

within 24 hours of collection. Cleaning was accomplished by suspending sample 

organisms in fresh water and, as necessary, shaking individuals in the water with teflon- 

coated forceps to remove any significant clinging surficial material. Cleaned organisms 
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were stored in pre -cleaned jars with teflon -lined caps, which were frozen and then dried at 

50 -60 °C. The dried sample was homogenized to a fine powder with teflon- coated 

instruments and a glass laboratory mortar and pestle. All of these techniques have been 

well established and tested in extensive prior mercury research work throughout California 

(Slotton et al. 1995a). 

2.2.3 Fish 

Fish were taken from selected stream sites, where present, with baited minnow traps 

which were left overnight. Stream fish were also taken with seines which were pulled 

through certain stretches to trap fish. In Marsh Creek Reservoir, fish were collected using 

a boat with a variety of experimental gillnets, as well as by set line, angling, and with dip 

nets. Small individuals to be analyzed for mercury from both stream and reservoir were 

held on ice in sealed bags. They were later weighed and measured in the laboratory and 

homogenized into appropriate composite samples with a laboratory homogenizer. Larger 

fish to be analyzed were weighed and measured on site. Tissue samples for mercury 

analysis were excised directly in the field, using clean technique, with stainless steel 

scalpels. Muscle samples were taken from the dorso- lateral ( "shoulder ") region, as done 

by the California Department of Fish and Game. Tissue samples were placed directly into 

pre -weighed laboratory digestion tubes, which were capped with teflon liners and 

maintained in sealed bags. The precise weight of each tissue sample was determined by 

weighing the tubes containing samples (together with pre -weighed blanks) and subtracting 

the initial empty weights. We have utilized these techniques with great success in similar 

work over the past 11 years (Reuter et al. 1989, Slotton 1991, Slotton et al. 1995a, Slotton 

et al. 1995b) 

2.2.4 Sediment 

Sediment samples were taken in Marsh Creek Reservoir both from the surficial 

sediment at the sediment/water interface and in extended cores which penetrated deep into 

the sediment. Surficial sediment samples were collected with an Ekman dredge and were 

spooned into pre -cleaned glass jars with teflon -lined caps. Sediment cores were taken by 

hand with a custom -made non- metallic coring device which was driven into the bottom 

from the boat and then carefully pulled out and transported to shore. There, the core was 

extruded and sectioned, with samples retained in pre -cleaned glass jars with teflon -lined 
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caps. Sediment samples were maintained refrigerated but unfrozen (so as to not alter 

mineral structure) until they were analyzed for mercury within 18 days of collection. 

2.3 Analytical Methodology 

2.3.1 Water 

Total mercury in water was analyzed by dual amalgamation/cold vapor atomic 

fluorescence spectrometry, as developed by Bloom and Crecelius (1983). Methyl mercury 

was analyzed utilizing aqueous phase ethylation, followed by cryogenic gas 

chromatography with cold vapor atomic fluorescence detection, as developed by Bloom 

(1989). The detection levels for these extremely sensitive analyses are approximately 0.01 

ng L-1 (parts per trillion), well below any environmental aqueous mercury levels present 

throughout Northern California. 

Current speed was estimated by taking the average time of the near -neutral buoyancy 

current float to traverse the uniform test stretch of stream and dividing by the length of the 

stretch. The speed of the flow was then multiplied by the cross sectional area to obtain the 

flow volume per second. 

The bulk load of total mercury moving through each stream site per day was determined 

by multiplying the measured aqueous mercury concentration by the corresponding 

measured flow (volume per second) and finally by the number of seconds in a day. 

The relative mass balance contributions of bulk mercury from individual upstream 

source areas to downstream receiving waters were determined by assessing the 

proportional contributions of bulk mercury among the source flows immediately upstream 

at each major fork in the sampled streams. This was done by working upstream from the 

Marsh Creek site 1 mile below the Dunn Creek inflow. Based on the data, all significant 

mercury inputs occurred above this point. The calculated bulk flows of mercury of the 

streams contributing to this portion of Marsh Creek (Marsh Creek above Perkins Creek, 

Perkins Creek, and Dunn Creek) were assessed relative percentage contributions by 

dividing each mercury load value by the sum of the three. The total mercury input at this 

point was considered to be 100 %. The relative contributions of tributaries upstream of 

these 3 stem flows were determined by successively following this procedure and 

multiplying the percentage bulk mercury load proportions of contributing flows by the 

previously calculated percent contribution of the stem flow immediately downstream (Table 

6). 
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2.3.2 Suspended Solids 

Suspended solids concentration at each site was determined by filtering a given volume 

of well mixed sample water through a pre -weighed glass fiber filter. The solids were 

retained on the filter, which was then dried at 105 °C for 24 hours. After cooling the filter 

in a dessicator, it was re- weighed to the nearest 0.0001 g. The weight of solids was 

obtained by subtracting the initial, clean weight of the filter from the weight with solids. 

This amount was divided by the volume of water filtered to derive the solids concentration 

on a milligram per liter basis. To obtain bulk loading quantities of suspended solids, the 

concentration data were weighted by the accompanying flows, as described for aqueous 

mercury. 

Dry weight mercury concentration of the particulates themselves was estimated by first 

determining the aqueous mercury concentration attributable to the suspended solids. This 

was done by subtracting the aqueous mercury concentration in filtered water from the 

corresponding mercury concentration in raw water. This aqueous concentration, 

attributable to the entrained particulates, was then divided by the concentration of 

suspended solids in the water. 

2.3.3 Fish, Invertebrate, and Sediment Total Mercury 

Solid samples for mercury were analyzed using homogeneous portions. Sediment was 

subsampled from homogenized, wet (liquefied) samples. Identical subsamples were used 

to determine moisture content for dry weight conversions. Fish tissue was also analyzed 

on wet (fresh) samples, as is the standard procedure for governmental agencies. Mercury 

analyses of invertebrate samples were conducted with dried and powdered samples for 

uniformity, as described in Slotton et al. (1995a). 

Solid samples of all types were processed by first digesting in concentrated sulfuric and 

nitric acids and potassium permanganate, under pressure, at 80 -100 °C for three hours. 

They were subsequently analyzed for total mercury using a well -established modified cold 

vapor atomic absorption (CVAA) micro- technique, described in Slotton et al. (1995b). The 

level of detection for this technique is approximately 0.01 mg kg-1 (ppm), sufficient to 

provide above -detection results for nearly all aquatic sediment and biota samples in this 

region. 
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2.3.4 Sediment Water and Organic Content 

Moisture content of sediment samples was determined by weight difference between 

fresh, homogenized sample (10 -2560 g) and the sample after drying at 105 °C to constant 

weight (generally 24 hours), subtracting out the weight of the weighing container. Weights 

were accurate to ± 0.001 g. To obtain the Loss On Ignition (LOI) estimate of organic 

content, the dried sample was subsequently placed in a 475 °C muffle furnace for 2 hours 

in order to burn off any organic matter. After cooling, the mineral moistiire of hydration 

was returned by re- wetting the sample. The sample was again dried at 105 °C to constant 

weight, cooled in a dessicator, and weighed again to ± 0.001 g. The loss in weight 

between the initial dry sample and the sample after the muffle furnace treatment is attributed 

to organic matter, 

2.4 Quality Assurance /Quality Control (QA /QC) 

2.4.1 Water 

The water samples for mercury were analyzed at Frontier Geosciences Laboratory in a 

single, large analytical run, accompanied by a good number of QA/QC samples. QA/QC 

was excellent, as summarized below in Table 2. 

Table 2. Frontier Geosciences Laboratory Aqueous Mercury QA/QC (from 1 analytical run) 

Spike 
Recoveries 

( %) 

Duplicate 
RPD 

( %) 

Reagent 
Blanks 
(ng/L) . 

Filter 
Blanks 
(ng/L) 

NRCC 
Dogfish 
(ppm) 

Certified Level 4.57 
Ideal Recovery (100 %) (0 %) (0.00) (0.00) (100 %) 

Control Range ( %) 75 -125% 525% 75 -125% 
Control Range (concentration) 50.20 ng/L 50.20 ng/L 3.43 - 5.71 

Recoveries ( %) 100 -113% 1 -20% 97 -107% 
Recoveries (concentration) 0.10 0.12 4.42 - 4.89 
(n) n =3 n =11 n =1 n =1 n =7 

Mean Recoveries ( %) 105% 8% 101% 
Mean Recoveries (concentration) 0.10 0.12 4.63 
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2.4.2 Fish, Invertebrates, and Sediment 

D.G. Slotton et J. 

Extensive QA/QC accompanied all of our total mercury analyses of aquatic biota and 

sediment samples. For each sample batch of approximately 24 samples, a large number of 

QA/QC samples were included through all phases of the digestion and analysis procedures 

(16 total). These included 1 blank and 7 aqueous mercury standards, 2 pairs of samples of 

standard reference materials (4 total) with known mercury concentrations, 2 duplicates of 

analytical samples, and 2 spiked analytical samples. These 16 additional samples per 

analytical run were used, as always, to ensure the reliability of the data generated. The 

QA/QC results for this portion of the work are summarized in Table 3. 

Table 3, D.G. Slotton Laboratory Total Mercury QA/QC Summary (from 8 analytical runs) 

Std Curve 
R ̂ 2 

Spike 
Recoveries 

Duplicate 
RPD 

NBS 
Tuna 

IAEA 
Tuna 

NBS 
Sediment 

BCR 
Sediment 

Certified Level (ppm) 0.95 4.70 1.47 0.67 
Ideal Recovery 1.000 (100 %) (0 %) (100 %) (100 %) (100 %) (100 %) 

Control Range ( %) 20.975 75 -125% <25% 75 -125% 75 -125% 75 -125% 75 -125% 
Control Range (ppm) 0.71 -1.19 3.60 -6.00 1.10 -1.84 0.50 -0.84 

Recoveries ( %) 0.998 -1.000 87 -108% 0.2- 18.8% 88 -120% 93 -104% 97% 90 -100% 
Recoveries (ppm) 0.84 -1.14 4.37 -4.87 1.42 -1.43 0.60 -0.67 
(n) n =8 n =18 n =21 n =16 n =15 n =2 n=5 

Mean Recoveries ( %) 0.999 98% 5% 106% 98% 97% 96% 
Mean Recoveries (ppm) 1.01 4.61 1.43 0.64 

The extensive set of aqueous standards was used to construct an accurate curve of 

mercury concentration vs atomic absorbence for each analytical run. The standard curve R2 

values for the mercury runs utilized in this project all fell between 0.998 and 1.000, well 

above the control range of >_ 0.975. The standard reference material samples included two 

fish standards and two sediment standards. All recoveries were within the 75% - 125% 

control levels, at 88- 120 %. Sample duplication was excellent, with relative % difference 

(RPD) having a mean value of 5% among 21 total paired samples. Spike recoveries were 

also consistently good, with recoveries of 87% - 108 %, as compared to the 75% - 125% 

control levels, 
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3. RESULTS 

3.1 Watershed 

3.1.1 Water 

We determined flows and collected water samples for mercury and suspended solids at 

18 individual sampling sites distributed throughout the Marsh Creek watershed. These 

collections were made within a 48 hour period during high runoff flow conditions in late 

March 1995, following an extensive series of storms. A considerable effort was made to 

obtain these samples within as close a time period as possible, during high but relatively 

stabilized flow conditions. Flow values are presented in Table 4 and Figures 3 and 4. 

Concentration data for suspended solids and aqueous mercury are presented in Table 4 and 

Figures 5 and 6. Calculated bulk mercury loads, on a grams per day basis for each site, 

can be found in Table 5 and Figures 7 and 8. Mass balance data quantifying the overall 

proportional mercury contributions of the various source tributaries to downstream 

receiving waters are presented in Table 6 and Figures 9 and 10. 

Table 4. Watershed Flow; Aqueous Mercury and Suspended Solids Concentration Data 

Site Flow 
Aqueous 

Raw 
(ng 

Total Mercury 
Filtered 

Suspended Solids 
All (TSS) Solids Hg 

(cfs) /L) (mg /L) (dry pprn) 

Upper Marsh Creek 28.30 3.24 1.29 16.10 0.10 
Curry Creek 33.70 5.18 1.49 32.00 0,12 
Marsh Ck above Perkins Ck 65.60 4.69 1.34 32.10 0.10 
Perkins Creek 13.90 8.89 4.11 3.00 1.59 
Upper Dunn Creek 5.20 3.60 2.73 1.50 0.60 
Upper Horse Creek 0.08 25.50 16.00 1.10 8.64 
"My" Creek 2.10 381.00 28.40 10.90 32.41 
OreHouse Spring 0.01 1,940.00 71.00 11.40 164.00 
Trickle coming from tailings 0.03 58,400.00 54,100.00 77.20 56.37 
South Pond outlet 0.05 59,100,00 59,100,00 26.10 0.00 
Horse Creek @ tailings 0.32 25,000.00 21,900.00 104.00 29.8 
Dunn Ck below mine confluence 7.80 949.00 226.00 13.50 53.60 
Marsh Ck below Dunn Ck conf. 83.60 79.30 21.40 19.40 2.99 
Mid Marsh Ck @ rd. crossing 101.00 52.80 10.10 24.60 1.74 
Marsh Ck above Reservoir 111.00 37.67 8.80 23.10 1.25 
Briones Ck @ Deer Valley Rd. 4.10 5.84 2.03 61.20 0.06 
Marsh Ck below Reservoir 116.00 43.70 7.47 34.60 1.05 
Marsh Ck @ Delta Rd. 107.00 37.80 6.44 53.80 0.58 

Marsh Ck above Reservoir 

Aqueous Methyl Mercury 
> Filtered 

(ng /L) 

0.204 0.112 
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3.1.1,1 Relative Flows 

Flow values, in units of cubic feet per second (cfs), are presented in Table 4 and 

Figures 3 and 4. Flow data were collected as a key parameter for bulk load and mass 

balance calculations. At the time of these samplings, major tributary streams in the Marsh 

Creek watershed each contributed flows of between 4 and 34 cubic feet per second to 

Marsh Creek. The flows measured in Marsh Creek itself demonstrated a characteristic, 

steady increase moving downstream, incorporating the inputs of the various tributaries as 

well as groundwater inflows. Flow was estimated at approximately 100 cfs at a site 

halfway between the Dunn Creek confluence with Marsh Creek and the downstream 

reservoir. Flows at and below the reservoir were an additional 5 -15% higher. 

Of the --115 cfs flow noted immediately above and below the reservoir in this sampling, 

three major upstream tributaries together accounted for 69% ( -80 cfs) of the total. These 

were upper Marsh Creek, Curry Creek, and Perkins Creek. The water volume measured in 

Dunn Creek (7.8 cfs), which includes all flows derived from the Mt. Diablo mine area, 

amounted to less than 7% of the downstream flow. Further, the great majority of this 

water was derived from regions away from the mine, including the upper portions of Dunn 

Creek (5.2 cfs) and Horse Creek (0.08 cfs). "My" Creek, which is north of and relatively 

peripheral to the main tailings region, accounted for a further 2.1 cfs. Flows emanating 

specifically from the area of exposed tailings were estimated at only 0.28 cfs at the time of 

this sampling (lower Horse Creek minus upper Horse Creek, South Pond outflow minus 

Orehouse spring flow). This tailings- specific flow, at 0.24 %, was less than one quarter of 

1% of the total downstream water flow noted at the reservoir. 

3.1.1.2 Aqueous Mercury Concentrations 

Mercury was analyzed in homogenized, representative water samples taken from each 

of the 18 sites throughout the Marsh Creek watershed. Each sample was further divided 

into a filtered ( <_ 0.45 p.m) and raw water sample, each of which was analyzed for total 

mercury. Duplicate samples taken at the inflow to Marsh Creek Reservoir were also 

analyzed for methyl mercury. Aqueous mercury concentrations, in units of nanograms per 

liter (ng L-1, parts per trillion), are presented in Table 4 and Figures 5 and 6 Mercury 

measured in the filtered fraction is displayed superimposed on the total mercury data bars in 

the figures, and in parentheses in the figure data. 

It is apparent in Figure 5 that; on a concentration basis, aqueous mercury levels in 

Dunn Creek downstream of the Mt. Diablo mine were significantly higher than the 

concentrations seen in all other tributaries to Marsh Creek, as well as upstream of the mine. 
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The mercury concentrations found in the other main tributaries, at 3.2 -8.9 ng L-1, were two 

orders of magnitude lower than the 949 ng L-1 concentration found in Dunn Creek below 

the mine. The great impact of the mine- region Dunn Creek flows to Marsh Creek is 

apparent in the large increase in Marsh Creek aqueous mercury concentrations below the 

Dunn Creek confluence. Upstream levels of 3.2 -8.9 ng L-1 increased to 79.3 ng L-1, 

measured one mile below the confluence. Aqueous mercury concentrations, remained 

elevated below this point in the watershed, at > 37 ng L -1 as far downstream as the town of 

Oakley, 

The close -up map of aqueous mercury concentrations in the immediate vicinity of the 

Mt. Diablo mine (Fig. 6) demonstrates that the very high mercury levels seen in Dunn 

Creek are clearly derived from the mine itself. The stream "My" Creek, which borders the 

north extent of the tailings region, was quite high in mercury at 381 ng L-1, while flows 

emanating from the tailings themselves were massively contaminated, with levels ranging 

from 25,000 .- 60,000 ng L-1. The Orehouse spring was also quite high, though far lower 

in mercury than the downslope tailings flows, at 1,944 ng L -1. This small spring, 

however, contributed very little to the overall water volume from the site, with its flow at 

this time measured at just 0.01 cubic feet per second (Fig. 4). 

Previous water sampling in the region by the Central Valley Regional Water Quality 

Control Board utilized less sensitive analytical techniques that placed most watershed 

samples below the 0.00002 mg L-1 (20 ng L-1) level of detection (CVRWQCB 1994), 

However, above detection results were obtained from 4 of the earlier samples, including a 

Dunn Creek sample directly below the mine inflows (600 ng L-1) and 3 sites in the direct 

vicinity of the tailings and settling pond (16,000 - 70,000 ng L -1). These December 1994 

levels were quite similar to the corresponding concentrations we. found in our 1995 work. 

In addition to the maximally contaminated flows from the mine tailings themselves, it is 

notable that all of the Marsh Creek watershed tributaries which showed any significant 

elevation in mercury concentration, relative to the entire data base, derived from the same 

slope of Mt. Diablo; i.e. the region between Perkins Creek and "My" Creek. 

R is a very important observation that nearly all of the mercury detected in the heavily 

contaminated. near -tailings flows was found to be in the filtered fraction; i.e. the 

"dissolved" state. The sample of representative tailings seepage moving into the settling 

pond was found to contain 58,400 ng L -1 total mercury, with 54,050 ng L-1 (93 %) 

measured in the filtered fraction. Water leaving the settling pond had 59,100 ng L-1 total 

mercury, with an identical concentration (a full 100 %) measured in the filtered fraction, 

The somewhat diluted but higher volume flow in Horse Creek had a total mercury 

concentration of 25,000 ng L-1, with 21,900 ng L -1 (88 %) accounted for by the filtered 

20 



 

1995 MARSH CREEK WATERSHED MERCURY ASSESSMENT PROJECT D.G. Slotton et al: 

fraction. These collections were in marked contrast to samples from all other sites 

throughout the watershed, where the majority of the total aqueous mercury was in the 

particulate fraction. In downstream Dunn Creek and Marsh Creek, the filtered fraction 

accounted for only 17 -27% of the total aqueous mercury. Further, it is likely that much of 
the downstream "filtered" mercury fraction was not truly "dissolved ", but was associated 

with particulates and colloids that were simply smaller than the 0:45 p.m standard pore size 

used in filtration. In contrast, the filtered mercury fraction that constituted virtually the 

entire mercury load in flows sampled at the tailings themselves likely originated from truly 

dissolved mercury, as suggested by the acidity (low pH) in the immediate vicinity of the 

ore body and settling pond. 

This data indicates that the extremely high mercury concentrations in the tailings flows 

are derived specifically from the dissolution of mercury from the tailings. The tailings of 

this historic mercury mine are by definition rich in mercury. Once in the dissolved state; 

this mercury can become highly mobile. Mercury presumably dissolves readily into water 

in the immediate vicinity of the tailings due to the characteristic presence of sulfides in the 

ore. This sulfur, when exposed to rainwater, promotes the formation of sulfuric acid. The 

acid dissolves ore constituents that would otherwise remain in solid form, including the 

metals iron and mercury. The iron creates the orange stain characteristic of much acid mine 

drainage. This happens as the low pH is subsequently neutralized by dilution with other 

water and the dissolved metal begins to precipitate out of solution. Mercury likely 

precipitates fairly rapidly as well, as evidenced by the decline in the proportion of filtered 

mercury seen downstream of the immediate mine area. However, we note that the freshly 

formed, tiny, flocculent particles that result from the precipitation of formerly dissolved 

metals are themselves extremely susceptible to downstream transport, if exposed to 

significant flow energy. Therefore, it is our interpretation that this process of the tailings 

mercury dissolving into runoff seepage water is, either directly or indirectly, supplying 

much of the greatly elevated mercury concentrations seen in the downstream watershed. 

The downstream shift in aqueous mercury partitioning, from dissolved mercury in the 

immediate vicinity of the tailings to particulate mercury dominating the remainder of the 

downstream watershed, indicates that the tailings -based dissolved mercury rapidly adsorbs 

to particulate material upon leaving the mine site. 

An additional finding brought out by this data involves the main settling pond at the 

mine site, which captures much of the overland and through -flow from the tailings. The 

mercury measured in the Outflow from this pond was entirely in the dissolved state. It was 

also essentially identical to representative tailings seepage that was flowing into the pond, 

both in character and mercury concentration. We conclude that, in its current configuration 
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and pH the settling basin may not be effectively " settling out" a significant proportion if 

any, of the aqueous mercury flowing into it. This is particularly the case under storm- 

related, elevated flow conditions, when the great majority of overall transport in the 

watershed occurs. 

3.1.1.3 Bulk Loads 

The mercury concentration data describe the local water quality conditions present at 

each of the sampling sites at the time of these collections. Aqueous mercury concentration 

is also a critical parameter with regard to localized biological uptake in the stream 

ecosystem. However, for considerations of overall mercury loading from the watershed to 

the downstream reservoir and beyond, we needed to determine the actual quantities of 

mercury that move through each of the stretches. This was accomplished by weighting the 

concentration information at each of the sites by the corresponding flow values that we 

determined at the time of sampling. In this way, we have been able to estimate the mercury 

loads deriving from the various tributaries, on a grams mercury per day basis. This data is 

presented in Table 5 and in Figures 7 and 8. 

Clearly Dunn Creek below the mine region is contributing the vast majority of mercury 

to the downstream reaches of Marsh Creek. All of the other tributaries, combined, 

accounted for approximately I. gram of daily high flow mercury load at the time of this 

assessment, as compared to over 18 grams per day calculated to be moving concurrently 

through lower Dunn Creek toward Marsh Creek. Loads in Marsh Creek below the Dunn 

Creek confluence, at 10 -16 grams per day as far downstream as Oakley, were dramatically 

greater than levels seen upstream of this confluence and in other tributaries away from mine 

influence. The mine inset map (Fig. 8) demonstrates that the great majority of the Dunn 

Creek mercury load derives specifically from the tailings piles. The greater proportion of 

this tailings- derived load enters lower Horse Creek without moving through the settling 

pond. A load of 19.6 grams of mercury per day was calculated for lower Horse Creek 

above the settling pond outlet, while the corresponding mercury load moving out of that 

pond was calculated at 7.2 grams per day. 

At the time of this sampling, the data indicates that a portion of the upstream mercury 

load was actively sedimenting out of the water column in the course of moving 

downstream. Total aqueous mercury loads generally declined, moving downstream from 

the mine area. This occurred near the mine (Fig. 8) as well as along the length of Marsh 

Creek below the. Dunn Creek confluence (Fig. 7). The combined mercury loads from 

Horse Creek (19.6 g /day), the settling pond (7.2 g /day), "My" Creek (2.0 g /day), and 
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Table 5. Watershed Aqueous Mercury and Suspended Solids Bulk Loading Data 

ite 
Aqueous Total Hg 

Raw Filtered 
Suspended Solids 

(TS S) 
(kilograms /day) (grants/day) 

Upper Marsh Creek 0.224 0.089 1,110.0 
Curry Creek 0.427 0.123 2,640.0 
Marsh Ck above Perkins Ck 0.753 0.215 5,160.0 
Perkins Creek 0.302 0.140 102.0 
Upper Dunn Creek 0.046 0.035 18.4 
Upper Horse Creek.` 0.005 0.003 0.2 
"My" Creek 1.960 0,146 55.9 
OreHouse Spring 0.048 0.002 0.3 
Trickle coming from tailings 4.290 3.970 5.7 
South Pond outlet 7.230 7.230 3.2 
Horse Creek @ tailings 19.600 17.100 81.2 
Dunn Ck below mine confluence 18.100 4.310 257.0 
Marsh Ck below Dunn Ck conf. 16.200 4.380 3,960.0 
Mid Marsh Ck @ rd. crossing 13.100 2,500 6,070.0 
Marsh Ck above Reservoir 10.200 2.380 6,250.0 
Briones Ck @ Deer Valley Rd. 0.059 0.020 614.0 
Marsh Ck below Reservoir 12.390 2.120 9,800.0 
Marsh Ck @ Delta Rd. 9.880 1.680 14,100.0 

Aqueous Methyl Hg 
Raw Filtered 

(grants/day) 

Marsh Ck above Reservoir 0.055 0.030 

upper Dunn Creek (0.05 g /day) totaled 28.8 grams per day, while the load measured in 

Dunn Creek just below the mine site was considerably lower at 18.1 grams per day. The 

load in downstream Marsh Creek one mile below the Dunn Creek confluence was still 

lower at 16.2 grams per day. The decline in the mercury load suspended in the water 

column continued, moving downstream, with 13.1 g /day measured at the site halfway 

down to the reservoir and 10.2 g/day measured just above the reservoir. This consistent 

pattern indicates that a portion of the mercury load was falling out of the current along with 

sedimenting particulates. However, we note that much or all of the previously suspended 

sediment that settles out within the channel itself during post -storm and lower flow 

conditions may ultimately be transported downstream to the reservoir and beyond under 

higher flow conditions, particularly with the spike increases in flow typical during large 

storm events. 

The bulk load data additionally indicates that all significant mercury loading to the 

Marsh Creek watershed is accounted for by the upper watershed tributaries. The steady 

drop in aqueous mercury loads measured in Marsh Creek, from the Dunn Creek confluence 
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down to the reservoir, precludes the possibility of any important additional inputs of 

mercury from other sources along that stretch. 

3.1.1.4 Mercury Mass Balance 

Table 6. Calculated Relative Mercury Mass Balance Contributions of Upper Watershed Sources 

5i e Raw Total Hg % Filtered Total Hg 
(grams/day) (grams/day) 

Perkins Creek 
Marsh Creek above Perkins Creek 
Dunn Creek below mine confluence 

0.30 
0.75 

18.11. 

1.6% 
3.9% 

94.5% 

0,14 
0.22 
4.31 

3.0% 
4.6% 

92.4% 

(19.17) (100.0 %) (4.67) (100.0%) 

Marsh Creek above Perkins Creek 0.75 (3.9 %) 0.22 (4.6 %) 

Upper Marsh Creek 0.22 1.4% 0.09 1.9% 
Curry Creek 9.43 2.,.6(Q. 0.12 / b_ 

(0.65) (3.9 %) (0.21) ' (4.6 %) 

Dunn Creek below mine confluence 18.11 (94.5%) 4.31 (92.4 %) 

Upper Dunn Creek 0.05 0.2% 0.03 0.1% 
"My" Creek 1,96 6.4% 0.15 0.5% 
South Pond Outlet 7.23 23.7% 7.23 27.2% 
Horse Creek at Tailings 19.57 64.2% 17.15 64.5% 

(28.81) (94.5 %) (24.56) (92.4 %) 

TAILINGS ALONE 
Horse Creek at Tailings 19.573 64.21% 17.146 64.51% 
(- Upper Horse Creek) - 0.005 - 0.02% - 0.003 - 0.01% 

19.568 64.19% 17.143 64.50% 
(+) 

South Pond Outlet 7.230 23.72% 7.230 27.20% 
(- OreHotise Spring) - 0.048 - 0.16% - 0.002 - 0.01% 

7.182 23.56% 7.228 27.20% 

TAILINGS ALONE 26.75 87.8% 24.37 91.7% 

Based on the data collected during this representative post- storm, elevated flow 

sampling, we have constructed a mass balance of the relative contributions of mercury to 

the watershed from the various upstream tributaries. These tributaries have been 
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demonstrated to provide essentially all of the watershed's mercury loading. The data are 

presented in Table 6 and in Figures 9 and 10. The technique used to arrive at these values 

is described in section 2.3.1. These are our best estimates of the true proportional inputs of 

mercury from the different source regions to the Marsh Creek watershed. 

In this analysis, the Dunn Creek inflow to Marsh Creek represents 94.5% of the total 

mercury loading to the upper watershed. Though the bulk of the water and transported 

sediment derive from upper Marsh Creek, Curry Creek, and Perkins Creek, these major 

tributaries accounted for only 5.5% of the watershed's mercury. 

Of the 94.5% of the watershed mercury estimated to derive from Dunn Creek, it is 

apparent that the overwhelming majority comes from the Mt. Diablo mine. The upper 

stretches of Dunn Creek and Horse Creek, above the influence of the mine, together with 

the Orehouse spring flow, accounted for less than 0.4% of the total mercury (Fig. 10). 

"My" Creek contributed a moderate load of 6.4 %. We are not clear at this time whether 

this particular stream is amenable to straightforward mitigation options. 

Our major interest is in the flows emanating from the tailings themselves, as they are a 

very localized source that represent the County's best and most cost -effective mitigation 

focus for watershed mercury cleanup, if they in fact constitute the majority of the source. 

The data indicate that this is indeed the case. Subtracting out the small mercury loads of the 

Orehouse spring and upper Horse Creek, the relative mercury loading to the entire 

watershed derived specifically from this comparatively small region of mine tailings is 

estimated to be approximately 88 %. The majority of this tailings -based load (64.2% in this 

analysis) enters lower Horse Creek without passing through the settling basin. 

This information suggests that mitigation work directed specifically at the mine tailings, 

in order to lessen the export of mercury, may be a very sensible and cost -effective 

approach. 

3.1.1.5 Suspended Solids 

Suspended solids (TSS) data for the 18 stream sites are presented on a concentration 

basis (mg L-1, = parts per million) in Table 4. This is a measure of particulate matter, 

primarily sediment, in the water. Suspended solids are of importance to mercury dynamics 

as they generally constitute the major vector of downstream mercury transport in running 

water. Mercury can be incorporated into the mineral matrix of particles as well as surface - 

adsorbed. Upon loosing velocity in the downstream reservoir and delta, these particulates 

deposit at the bottom as sediments and constitute the bulk of the total mercury in those 

systems. 
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Highest concentrations of TSS were seen in the flows on and around the tailings (to 

104 mg L -1), where iron and other metals were actively precipitating. The small Briones 

Creek, which drains farmland, was relatively very turbid as well (61 mg L-1). Upper 

Marsh Creek and Curry Creek ( -32 mg L-1), the dominant sources of flow to the 

watershed, were quite turbid with suspended solids during this post -storm sampling 

period, while Perkins Creek (3 mg L-1), "My" Creek (11 mg L-1), upper Horse Creek (1 

mg L-1), and upper Dunn Creek (1.5 mg L-1) were flowing quite clear. Below the Dunn 

Creek confluence, suspended solids concentrations in Marsh Creek generally increased 

steadily, moving downstream toward the reservoir and below (19 mg L-1 below the Dunn 

Creek confluence, increasing to 54 mg L-1 near Oakley). 

As described above for mercury, the actual bulk loads of suspended solids moving 

through the different stream sections at the time of this sampling can be calculated by 

weighting the measured concentrations of TSS by the corresponding flows. These data are 

presented in Table 5 in Mills of kilograms per day and, Figure 11, as metric tons (1,000 

kilograms, = 2,200 pounds) per day. The pattern is in sharp contrast to the mercury 

findings. Whereas the Dunn Creek mercury load overwhelmingly dominated that of the 

entire watershed, the suspended solids entering Marsh Creek from Dunn Creek represented 

only a very small fraction of the overall suspended solids load measured in downstream 

Marsh Creek. The Dunn Creek suspended solids load was calculated to be 0.26 metric 

tons /day, as compared to a combined 6.86 metric tons /day measured at the reservoir 

inflows. The Dunn Creek contribution of suspended solids therefore represented less than 

4% of the total load measured entering the reservoir. While approximately 88% of the 

watershed's mercury was calculated to derive from the tailings piles at the Mt. Diablo mine, 

these suspended solids data indicate that an estimated 95% of the drainage's suspended 

solids load comes from tributaries which were found to be relatively very low in mercury- - 

i.e. those tributaries other than Dunn Creek (including "My" Creek) and Perkins Creek. 

In Table 4 and Figure 12 we have estimated the mercury concentration of the suspended 

particulates at the different sites, in consistent units of dry weight milligrams of mercury 

per kilogram suspended sediment (mg kg-1, _ parts per million). We note that the 

dominant sources of suspended sediment to the watershed --upper Marsh Creek, Curry 

Creek, and the small tributaries entering Marsh Creek along its lower length- -were 

measured or demonstrated to be very low in suspended sediment mercury concentration, on 

the order of 0.1 ppm. This is in comparison with Marsh Creek TSS mercury levels 

between the Dunn Creek confluence and the reservoir of 1.3 -3.0 ppm. Clearly, if the load 

of mercury emanating from the Mt. Diablo mine site can be significantly lessened, the 

natural suspended sediment loads transported through the Marsh Creek watershed in future 
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